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FOREWORD

This Final Report describes a study p2rformed by Hughes Aircraft
Company, Systems Effcctiveness Department, Box 3310, Fullerton, Cali-
fornia, under contract 'F30602-71-C-01b8, Job Order Number 55190245,
for Rome Air Development Center, Griffiss Air Force Base, New York.
Mr. Donald W. Fulton (RBRS) wan the RADC Project Engineer for the
study, which took place between January 1971 and August 1972.
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EVALUATION

1. The purpose of this study was to determine experimentally the
correlation be ween constriction resistance measurements (CR),
nonlinear intermodulation products (IM), and contact life. If
correlation was found, the feasibility of nondestructive reliability
screening was to be investigated.

2. Within the limitations described in the reportstrong correlation
has been found to exist between contact life and both CR and IN. CR
as employed in this study was found to reduce life, that is, destructive
to a degree. The use of IM as the basis for a nondeatructive reliability
screen for contact devices has been found to be feasible. The significance
of this finding lies in the ability of the method to predict the expected
'" fe of contact devices oai a part by part basis which heretofoie has

c been possible. The method requires that two IM measurements be
,iade, one at zero actuations and the second after some number of
"burn-in" actuations. Further work is required to establish the
optimum "burn-in" for stress conditions other than those imposed in
this study. This effort supports RADC technology plan TPO 16 -

Reliability, paragraph 3.1.5.5.1.3, Nonelectronic Devices.

DONALD W. FULTON
Rel. & Maint, Engineering Section
Reliability Branch

Pr ceding page blank
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0.0 KNkR

~The purpose of this study is to investigate the relationship betweenIntermodulation Products and Constriction Resistance, on the one band, and

relay life, on the other, and if a relationship exists quantify it. Both
bifurcated (Manufacturer B) and button (Manufacturer C) contacts were con-
sidered at both accelerated and normal test conditions.

Several interesting results were obtained. It was discovered that both
I.M. products and .onstriction resistance are good indicators of relay life.
For the acceleratei test conditions, linear regression models (linear in the
L.1o ard constriction resistance measurements) fitted well with the dependent
variable being the natural logarithm of relay life. This type model fitted
both the "TYPE B" (bifurcated) and "TM C" (button) contact relays. To use
the models it is required that measurements of 1.M. products and constriction
retistance be made slightly (10-20%) into the relay operating life period.
In the case of I.. products only one measurement (and an initial measurement)
need be made. In the case of constriction resistance this was not possible
(i.e., only one measurement taken early in the relay life). For constriction
resistance, measurements were required initally and at the 1%, 5%, 10% life
points for both types of relays. In fact, it was discovered that the physical
act of aking the constriction resistance measurements, for both types of con-
tacts, has a destructive effect on the relay contacts and hence, on relay
3ife. While, statistical2y speaking, constriction resistance measurement
gives !lg y better results than I.. products as a predictor of relay life
this was due, in pWrt, to the fact that the constriction resistance measure-
ment itself vs contributing to relay life: by shortening it. Thus, con-
striction resistance is unsuitable as a nondestructive test for relay life.
At least, it is unsuitable in the manner in vhich it was measured in this
investigation. Attempts to fit failure distribution to the lifetimes observed
at acelerated conditions were unsuccessful. The "popular" families were
tried: WeibullU, Ga and Lognormsal.

For the normal test conditions only about one-fifth the number of relays
were tested as were tested for the accelerated conditions and the results of
the analysis were inconclusive.

..
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1.0 INTRODUCTION

BACKGROUND AND PURPOSE OF THE STUDY

For many parts in use at the present time, the quality or reliability
characteristics of interest are not susceptible to measurement without de-
stroying the part. For nonelectronic parts this is particularly true since
a prime reliability characteristic is part lifetime and to measure lifetime
is usually to destroy the part. For this reason, nondestructive tests (here-
after NDT) for nonelectronic part reliability assessment have received a good
deal of study. One of the more definitive works in the area of IYT is:
RADC-TR-69-209, Nondestructive Determination of Nonelectronic Part Reliability.
One of the nonelectronic parts receiving study in the aforementioned report
was reiays; relays being high usage items and, consequently, their reliability
is of prime concern. In RADC TR-69-209 it was suggested that the magnitude of
the intermodulation products (hereafter IoN. products) and/or the constriction
resistance of the contacts might be good measures of contact quality and,
hence, relay lifetime. The purpose of this present study then, in general
terms, is to determine if a relationship exists between relay life and the
magnitude of the I.1. products and constriction resistance and, if it exists,
quantify the relationship.

The relay selected for study is the M757/10-33: hermetically sealed,
DPD!T, high level with a contact current of 2 amps, d.c. and a coil voltage of
26 volts d.c. This type relay bas previously been studied (with regard to the
design of accelerated test) and the results reported in RADC-TR-69-179,
Accelerated Test Technology/Test Program for Nonelectronic Parts; RADC-TR-66-
42 5 , Accelerated Reliability Testing for Nonelectronic Parts; and RADC-TR-65-
46, Accelerated Reliability Test Method for Mechanical ahd Electromechanical
Parts.

In order to investigate the relationship (between the independent varia-
bles I.. products and contact constriction resistance, on the one hand, and
the dependent variable, relay life, on the other hand) over as broad i range
as possible, within limited funds, it %as decided to study two types of relay
contacts: bifurcated and button. The relay selected for the bifurcated con-
figuration will be called the Type B relay and the button contact relay will
be called the Type C relay throughout this report. Perhaps, at this point, it
should be emphasized that the purpose of the study is to investigate relation-
ships and is not to determine (or otherwise, coent on) the relative or abso-
lute reliab lties of the Type B and Type C relays. Again, to maintain some
range of applicability, it was decided to conduct the tests at two test condi-
tions. At the accelerated test conditions the relays were run at 6 amps,
25°C and 60 hz. The normal conditions were 3 aWps, 250 and 1 hz. The accel-
erated conditions were established from the results of the previously mentioned
RADC funded studies. In the belief that the WT method, if useful, would be
applied at accelerated test conditions and because of time limitations the

2



relative numbers of relays tested at accelerated conditions to normal condi-

tions was 5 to 1. That is, 200 relays were tested at accelerated conditions
and 41 relays at normal conditions. Originally, it had been planned to have
50 relays at normal conditions but because the "normal" relays were slow in
failing, time dictated that only 41 be tested. Generally, what has been done
is to place relays (Type B and Type C) on test at one of two (accelerated or
normal) test conditions. The relays then received, periodically throughout
its lifetime either I.M. products or constriction resistance measurements
(not both on the same relay). The relay life was then recorded and used as
the "dependent" variable. The quotes on dependent is to indicate in some
(regression) analyses we used functions of the relay life as the dependent

Svariable, e.g., we tried logarthm of the lifetime.

This report is divided roughly into two parts. The first part and main
body is comprised of Sections 2.0, 3.0, 4.0 and 5.0. Sections 2.0 through
.0 give a summary and the useful findings with reprd to the relay tests

(2.0), the statistical analyses (3.0), and the failed part analyses (4.0).
Section 5-.0 contains recommendations for further study. The second part of
the reporwt is tee AppenwLx (Section 6.0) which gives much more detail on all
aspects of the study. For example, the experimental design is described in
detail; the test set-up is described in detail. Another example of the
relationship of the Appendix to the main body is the statistical analyses.
All statistical analyses and models tried are described in the Appendix while
only the useful results appear in the main body.

t3



2.0 SUMMARY OF THE RELAY TESTS

2.1 TEST CONDITIONS, DEFINITION OF FAILURE

2.1.1 TEST CONDITIONS

Two types of relays were selected for this study program. The primary
factor involved in the selection was to subject two different types of con-
tacts to the stresses applied in the tests. One relay selected for the pro-
gram was constructed with bifurcated contacts and identified as Type B. The
other type relay contained button type contacts, and was identified as Type C.
One normally open and one normally closed contact pair were tested in each
relay. The relays contain two complete switching circuits. To eliminate in-
teraction betweeen the contact pairs due to excessive mterial transfer or
welding, the contact pairs tested were selected from separate switching cir-cuita within the relay* A total of 200 relays (100 each type) were subjected

to accelerated life test conditions of 6 amperes load current and a 60 hz.
actuationrate with a 250 C ambient temperature. An additional 41 relays (2)
Type B and 21 Type C) were subjected to life test conditions of 3 amperes
load current and a 1 hz.actuation rate with a 250C ambient temperature.

The relays (in groups of 5) were subjected to the life test until
failure.

2.1.2 DEFINITION OF FAILUWE

A failure was defined as three misses for any individual contact as
described in Paragraph 6.4.1.

2.2 RElAY MFASURD TS: INITIAL AND WRING TEST

The initial parameters measured were coil resistance, contact resistance,
insulation resistance, pickap voltage, dropt voltage, operate time, release
time and contact bounce. These parameters were measared prior to constriction
resistance and I.M. products wesurements and the life test. The test methods
used for measuring the p&rameters are described In detail in Paragraph 6.2.
Constriction resistance and L.M. products meamummts were made on the appro-
priate relays as outlined in Table 6.1.1 just prior to the life test and at17 periods during the life test. Figure 6.4.2.1 gives the distribution of
measurement periods (in cycles) for the normal and accelerated conditions.
The test methods used for measurement of I.M. products and constriction resis-
tance are detailed in Paragraphs 6.4.3 and 6.4.4 respectively,

4



2.3 TEST SETUP, DTA RECORDING

The life tests were performed with the Hughes Autiaatic Relay Contact
Monitor and Life Test Set* A significant feature of this set, especially
because of the criticality of the test schedule, was that the lower actuation
rate of 1 hz. was performed automatically on a 24-hour basis and provided
photographic records of failure data.

Basically, the contact failure detection system of the Test Set consists
of four circuits that activate the data display and camera circuits by means
of pulse type information. Data was displayed by the illumination of lamp
circuits in view of a camera. Camera trigger pulses were channeled to a
digital storage circuit to prevent a data pile-up and possible loss of data
during the actuation time of the camera.

'"he Test Set has provisions for ten contact circuits. A normally open
and a normally closed pair of contacts were tested in each relay, therefore,
two contact circuits required monitoring for each relay. A total of five

relays were tested simultaneously. There was no possibility of reversed
polarity since the holding fixture in the test set up permitted hooking the
relay up only one way. A potential of 26.5 V.D.C. was applied to the coils
through the contacts of a mercury wetted contact chopper type relay, Actua-
tion rates were one cycle per second and sixty cycles per second. The actua-
tion duty cycle was approximately fifty percent. The load bank used to limit
the contact current contained non-inductive resistors and was forced air
cooled for current stability.

Data acquisition was accomplished photogmphically with a 35-im impulse
type recording camera. A panel with three indicators, for each of the ten
channels, represents first, second and third relay contact miss for each of
the ten relay contact circuits. The camera recorded the status of the contact
miss display, real time and accumulated relay actuations each time a new miss
occurred. The processed film presents a permanent and accurate record of all
the events of the test.

I
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3.0 STATISTICAL ANALYSES AND RESULTS

This section describes the statistical analyses performed in this study
and sumarizes the results obtained. Subsections 3.1 wa. 3.2 summarize the
results of the regression analyses and goodness-of-fit tests, respectively.
A detailed description of these analyses can be found in the Appendix of this
report (Subsection 6.5). The description of the anaJysis in Subsection 3.3,
"Comparison of Test Conditions," is complete as written, and so is not
covered in the Appendix.

3.1 DESCRIPTION OF THE REGRESSION ANALYSES

Regression analysis of the relay test data was the principal method
used in this study to investigate the relationships between constriction
resistance (C.R.) measurements and relay life and between intermodulation
(I.M.) products and relay life. Table 3.1.1 indexes the 8 blocks of data
for which regression analyses were run. The last column gives the total
number of regression models investigated in each of the 8 blocks. These
models were generated by using 20 different types of regression models,
and for each type of model using different possible numbers of I.M. or C.R.
measurements as independent variables. In all models the dependent variable
Y denotes relay lifetime defined as the minimum of the number of cycles to
third miss of the N.O. contact pair and the number of cycles to third miss
of the N.C. contact pair. A complete description of all the regression
models investigated is given in Section 6.5.1.1 .0 the Appendix.

A multiple regression computer program was used to analyze each of the
blocks using the selected models. The program computes coefficients of the
regression equation, the multiple correlation coefficient R, the observed
value of the statistic for the F-test, FOS, and other important statistics

of the multiple regression analysis. A complete description of the computer
program and its outputs is presented in Section 6.5.1.2 of the Appendix.

t The outputs of the regression runs were rnslyzed in order to determine
whether there was a relationship between relay life and I.M. or C.R. measure-
ments, and it so, to select a "best" model for each of the 8 blocks. The
most importan+ criterion for the selection procedure was that the value of
FOBS. be sufficiently high. A high value of FOBS. leads to rejection of the

null hypothesis that there is no relationship between relay lif- and I.M. or
C.R. measurements. That is, a high value of FO0 s. indicates that there is a

relationship, and that it is explained by the model. Another criterion for
the selection of a "best" model is that R', the multiple correlation coeffi-
cient adjusted for degrees of freedom, have a sufficiently high value. A
high value of R" indicates that the data fits the regression equation well.
A complete description of the criteria used to select the "best" models is
given in Section 6.5.1.3 of the Appendix.

6
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TABLE 3.1.1 INDEX Ole DATA BLOCKS

ACCEERATED(A) NO. OF
BLOCK OR RELAY QUANTITY RELAYS NO. OF REGRESSION

NO. NORMAL(N) TYPE jSURED IN BLOCK MODELS INVESTIGATED

1 A B I.M. 50 164

2 A B C.R. 50 124

3 A C I.M. 50 268

A C C.R. 50 2A

N B I.M. 10 80

6 N B C.R. 10 60

7 N C I.M. 10 44

8 N C C.R. 12* 4

Only 13 relays were tested completely, and the 12th relay was damaged
during test. However, one of the contact pairs had already failed
before damage to the other contact pair occurred, so that enough
data was available on the 12th relay according to the definition
of relay life used.

7



3.l.i. SUMRY OF RESIMS

The next 4 sections (3.1.2 through 3.1.5) summarize the results of the
regression analyses for each of the 8 blocks. From these reaults, scme
general conclusions about the relationship between relay life and i.M. or
C.R. measurements can be made. The conclusions aae as follows:

1. For all the relays tested at accelerated coxitions, the relation-
ship between relay life and I.M. or C.R. measurements can be well
described by models of the form

Y =ex (c0+X+c2r 2 + c.xk +

where Y denotes relay life and JXJP J-l, .... , k]

denotes the first k aeasurements of the tiuantity being measured
(I.M. or C.R.), X1 being the initial measurnment taken befor', the

start of the test. The error E is presumed to be a normally diia-
tributed random varlable with mean 0.

2. For the relays tested at normal conditions, regression models were
fitted in only 3 out of the 4 blocks* Unlike the accelerated tests,
there was no u.formity of results among the 3 blocks. The problem
was that the sample sizes used (10 relays/block) were too mall to
determine the true relationship between relay life and I.M. or C.R.
measurements. If larger sample sizes were used (say 50 relays

/block as in the accelerated tests), then a general form of the
"beat," model would probably have been discovered.

3. C.R. measurements fom a better basis for predicting relay life than
do I.M. measurements. As Table 6.5.1.4-.1 in the Appendix shows,
&-l of the fitted regression equations having C.R. measurements as
independent variables fit "better" (as judged by the significance
level of FOBS.) than all of the fitted regression equations having

I.M. measurements as independent variables.

4. For the relays tested at accelerated conditiuns, the relationship

between relay life and I.M. meavArements can be described by models
of the form

Y = exp(cOclXlk + )

The above model fits aboat as well as the model given in Conclusion l,
and has the practical advu ge that only an initial I.M. reading, XI, and

one later I.N. reading, Xk, notd be taken. Comparisons of regression analyses
show t:at the Kth reading skoald be taken 10-20% into the estimated relay life.
The previous model required k, as opposed to only 2, I.M. readings.

8



An analogous conclusion could not be made for the accelerated models
using C.R. measurements. A complete discussion of the analyses of the models
using only an initial and a later measurement is found in Section 6.5.1.5 of
the Appendix.

3.1.2 TM B RMlAYS: REULTS OF ANALYSES AT ACCEURATED CONDITIONS

To investigate the relationship between I.4. measurements and the life-
time of Type B relays tested at accelerated conditions, 164 regression models
were investigated. Table 3.1.2.1 summarizes the results of the regression
analysis for the model that fitted best according to the selected criteria.
Te table gives the number of data points used as 18, because even though 50
relays were put on test, only 18 of them survived to the sixth I.M. reading,
and hence, only data from these 18 relays could be used to fit the model.
Table 3.1.2.1 gives the following important statistics from the regression
analysis:

e The multiple correlation coefficient (R).

o The multiple correlation coefficient adjusted for degrees
of freedom (Rv).

e The standard error of the estimate.

* The standard error of the estimate adjusted for degrees
of freedam.

o The F-ratio for the sum of sqares due to regression (FoBS.).

is The fitted regression equation.

The value Of FOBS., 2.32p has significance level a - .10. That is, 232
is the critical value of the PF-test of the =,L hypothesis that relay life
has no relationship to I.M. measurements. In geiwl.eal for high values of

Fore. (and hence, for low 4alues of a), the evidence is strong that the model
fits,

Table 3.1.2.2 sumarizes the analysis of the regression model obtained
by using only the first and last I.1. reasurements of the model in Table
3.1.2.1. The value of F S r 3.49, has sigviflcance level * a .06, which sfwo
a good i of the model ? s-.exp(CO+C X +C A +t). Therefore, aoth of the models
presented sxe good approximate reresenta ions of the true relationship between
I.M. measurements and Type B relay life under accelerated conditions.

Table 3.1..3 summorizes the results of the regression analysis for the
best model (out of & total of 124 models investigated) explaining the rela-
tionship between C4:. measurements and relay life for Type B relays tested
under accelerated conditions. For tWis model the sigaficance level of FOBS.
is less th-n ,0005.

: 9
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TABLE 3.1.2.1

Block No. J
Test Conditions Accelerated

Relay Type B

Independent Variables, X I.M. Products

Number of Measurements, k 6

Number of Data Points, n 18

Multiple Correlation Coefficient .74706

Adjusted for Degrees of Freedom °61153

Standard Error of the Estimate .45266

Adjusted for Degrees of Freedom .53877

F-Ratio for Sum of Squares Due to Regression 2.3154

Regression Equation:

Y - exp(lO.1339 - 1.6114X1 + 2.914OX2 - 9329K3

- .1576x 4 + 8.1096x 5 + 4.7862X6 + E).

I
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TABLE 3.1.2.2

Block No. 1

Test Conditions Accelerated

Relay Type B

Independent Variables, X I.M. Products

Number of Measurements 2
Number of Data Points, n 18

Multiple Correlation Coefficient .56363

Adjusted for Degrees of Freedom .52443

Standard Error of the Estinate .48167

Adjusted for Degrees of Freedom .49650
F-Ratio for Sum of Squares Due to Regression 3.4919

Regression Equation:

Y = exp(12.0714 - 4.476ox1 + 43881X6 + E).

-.
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TABLE 3.1.2.3

Block No. 2

Test Conditions Accelerated

Relr -" Type B

Independent Variables.. C.R. Measurements

Number of Measurements, k 4

Nmber of Data Points, n 15

Multiple Correlation Coefficient .81856

Adjusted for Degrees of Freedom .79882

Standard Error of the Estinate 1.258(6

Adjusted for Degrees of Freedom 1,31826

F-Ratio for Sum of Squares Due to Regression 15.2305

Regression Equation:

y = exp(8o3318 0 - o00509K + o00396X2

.00523X3 + .01481X + E).

12
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3.1.3 TYPE B RELAYS: RESULTS OF ANALYSES AT NO1]AL CONDITIONS

Table 3.1.3.1 summarizes the results of the analysis for the best of
the 80 regression models investigated to find the relationship between I.M.
measurements and relay life for Type B relays tested at normal conditions.
The value of R' is very high (.95), but the significance level of Foss is
.34., which is quite inadequate.

To study the relationship between C.R. measurements and relay life for
Type B relays tested at normal conditions, 60 regression models were investi-
gated. The best of these regression analyses is suzarized in Tble 3.1.3.2.
The model fits very well, with R" .89, and FOBS. significant at the .07
level.

3.1.4 TYPE C REIAYS: RESULTS OF ANALYSES AT ACCELERATED CONDITIONS

For the case of the Type C relays at accelerated conditions with I.M.
measurements, a total of 268 regression models were investigated. Table
3.1.-4.1 summarizes the results of the analysis for the best of these models.
For this model, the value of FO has a significance level of .08. Table

3.1.4.2 sumrizes the results of the model obtained by using only the
initial and inal I.M. measurements of the model of Table 3.1.1. Both
models fit the data about equally well. For the latter model, the signifi-
cance level of FOBS. is .04.

Table 3.14.3 summarizes the results of the best of the 2A0 models in-
vestigated to find the relationship between Type C relay life and C.R.
measurements, when the relays are tested at accelerated conditions. For this
model, FOBS. has a significance level 3f .03.

3.1.5 TYPE C REIAYS: RESULTS OF ANALYSES AT NORMAL CONDITIONS

To study the relationship between I.M. products and relay life for Type
C relays tested at normal conditions, a total of 14 regression models were
investigated. Table 3.1.5 summarizes the results of the best of these analy-
ses. Although the value of R" is fairly high (.76), the model is rather in-adequate, since the significance level of FOBS. is high (.36).

For the case of Type C relays tested at normal conditions with C.R.
measurements, no adequate regression model was found. A total of 44 models
were investigated, but they all yielded values of FOBS. with significance
levels exceeding .50.

3.2 RESULTS OF GOODNESS-OF-FIT TESTS

An attempt was made to fit failure distributions to each of the 4 blocks
of relays tested under accelerated conditions. Fifty observations of relay
life (defined as in Section 3.1) were available in each block. Parameters of
Weibull, Lognormal, and Gem distributions were estimated in each block.

13



TABLE 3.1.3.1

Block No. 5
Test Conditions Normal

Relay Type B

Independent Variables, XI.M. Products

Number of Measurements, k 5

Number of Data Points, n 6

Multiple Correlation Coefficient -98034

Adjusted for Degrees of Freedum .95009
Standard Error of the Estimate 2.8328x10 5

Adjusted for Degrees of Freedom 4.4791x10 5

F-Ratio for Sum of Squares Due to Regression 6.1717

Regression Equation:
62 335(32 2 2

2.7OI•9xl2 1 -l x 3-X1 )

+ 1-0509x10,7 x(X 2~ -Y 2 l.2+89xl0x(x2 x 2) E"

14
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TABLE 3.1.3.2

Block No. 6

Test Conditions Normal

Relay Type B
Independent Variables., C .R. Measurements

Number of Measurements, k 3

Number of Data Points, n 6

Multiple Correlation Coefficient °91517

Adjusted for Degrees of Freedom .89271

Standard Error of the Estimate .32885

Adjusted for Degrees of Freedom .36765
F-Ratio for Sum of Squares Due to Regression 7.7329

Regression Equation:

Y =exp(15.5316 - 4.l5998(...2rA) i4.ol 9 3 6( 2) + E).

15



TABLE 3.1.4.1

Block No. 3

Test Conditions Accelerated

Relay Type C

Independent Variables, Xj I.Mo Products

Number of Measurements, k 4

Number of Data Points, n 34

Multiple Correlation Coefficient .49863

Adjusted for Degrees of Freedom .41653

Standard Error of the Estimate 1.0172

Adjusted for Degrees of Freedom 1.0669

F-Ratio for Sum of Squares Due to Regression 2.3991

Regression Equation:

Y = exp(8.0595 - 7.708& 1 + 30430x2

- 1.8549K3 + 6.57o6x 4 +

16



TABIE 3.1.4.2

Block No. 3

Test Conditions Accelerated

Relay Type C

Independent Variables, Xi I.M. Products

Number of Measurements 2

Number of Data Points, n 32

Multiple Correlation Coefficient .48074

Adjusted for Degrees of Freedom .45507

Standard Error of the Estimate .99522

Adjusted for Degrees of Freedom 1.0106

F-Ratio for Sum of Squares Due to Regression 4.6591

Regression Equation:

Y - exp( 8 .12 86 - 7&6816X + 7704OX4  E ).

17



TAME 3.1.4.3

Block No. 4

Test Conditions Accelerated

Relay Type C

Independent Variables, XJ C.R. Measurements

Number of Measurements, k 3
Number of Data Points, n 43

Multiple Correlation Coefficient .45287
Adjusted for Degrees of Freedom .40663

Standard Error of the Estimate .80665

Adjusted for Degrees of Freedom .82657
F-Ratio for Sum of Squares Due to Regression 3.3542

Regression Equation:

Y exp(7.32634 - .01335X1 - o053X2 - .0224lX3 *E).

18



TABLE 3.1.5

Block No. 7

Test Conditions Noral

Relay Type C

Independent Variables, Xi I.M. Products

Number of Measurements, k 3

Number of Data Points, n 5

Multiple Correlation Coefficient .8257

Adjusted for Degrees of Freedom .7588

Standard Error of the Estimate 1.9484x105

Adjusted for Degrees of Freedom 2.2499x10 5

F-Ratio for Sum of Squares Due to Regression 2.1427

Regression Equation:

Y , J.9691xio5 _ 8.ixIo
6xo1  x2 1)

(41-1

19
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The distribution parameters are defined an the methods of estimation are
discussed in Section 6.5.2 of the Appendix.

Chi-square goodness-of-fit tests were carried out with 7 x-cells used
in each case. Since, In each case.. 2 parameters were being estimated, the
Chi-square tests were taken with 4(-7-2-1) degrees of freedom.

Tables 3.2.1 through 3.2.3 give the estimated parameters and the value

of the x2 statistic for each test. Since the 95th percentage point of the
Chi square distribution with 4 degrees of freedom is 9.49, all 12 tests re-
ject the null hypothesis that the distribution fits the dat at the .05

significance level. The conclusion is that lifetimes of relays tested at
accelerated test conditions do not have distributions of the form of any of
the known families investigted. The true distributions of relay lifetimes
are probably too irregular to be represented by any comonly known parametric
family.

No attempt was made to find the distribution of lifetimes of the relays
tested at normal conditions, since the number of observations (10 relays/
block) was inadequate for carrying out Chi-square tests.

A complete description of the goodness-of-fit tests is found in Section

1$ 6.5.2 of the Appendix.

3.3 COMPARISON OF TEST CONDITIONS (I.M. PRODUCTS VERSUS CONSTRICTION
RESISTANCE)

In carrying out the relay tests at accelerated conditions, it appeared
that taking constriction resistance (C.R.) measurements degraded relay per-

formance. This section describes statistical tests that were used to test
the difference between the mean lifetimes of the relays on which C.R. measure-
ments were taken and the mean life of those on which I.M. measurements were
taken.

Separate tests were made for each of 4 distinct groups of relay data:
(1) Type B relays at accelerated test conditions; (2) Type C relays at accel-
erated test conditions; (3) Type B relays at normal test conditions; and
(4) Type C relays at normal test conditions. It is obvious that none of
these 4 groups should be pooled. Within each group, lifetimes of the relays
with C.R. measurements and those of the relays with I.. measurements were
compared.

Table 3.3.1 gives the sample means and standard deviations of relay
lifetimes computed from the test data, where the lifetimes were assumed to be

normally distributed. The definition of relay lifetime tsed here is the mini-

mum of the number of cycles to third miss of the normally open contact pair
and the number of cycles to third miss of the normally closed contact pair.

In each of the 4 groups, a t-test was taken of the null hypothesis that
the relays with C.R. measurements have the same mean lifetime as those with
I.M. measurements. The alternative hypothesis was that the relays with I.M.

20



TAXI 3.2.1 ESTIMATED WEIBULL RAMETERS
AND RESULTS OF CHI-SQAR TESTS

Block Test Relay Quantity A....
No. Conditions p Measured c ____.

1I.M. .AI68N96 40149. 15.52
2 A B .R. .40473 17966. 13.84

3 A C I.M. .67590 3150.6 41.56
1 4 A C C.R. .80501 246.5 19.44

TAKE 3.2.2 ESTIMATED WGNOWAL PARAMETERS
AND RESULTS OF CHI-SQUARE TESTS

Block Test Relay Atity
No. Conditions Measured a

1 A B I.M. 9.3472 2.5982 13.56
2 A B CRO 8.4313 2.7463 U1.88

3 A C I.M. 7.3828 1.2263 18.32
A C C.. 7.2408 1.10l1 11.32

=BLE 3.2.3 ESTIMATED UM WMETERS
AND RESULTS OF CHI-SQU E TESTS

Block Test Relay Quantity
No. Conditions Mesured____ _ *

1 A B I.M. 8.289x10 "  .61261

2 A B C.R. 7.72D "X .39938 62.28
3 A C I.M. 4.92xlO"5  .2)844 23.64
4 A C C.R. 7.553X10 "5  .21925 70.96

*The critical value of x for a .05 level Chi-square test is 9.49.
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TABLE 3.3.1 DATA FOR THE COMPARISON OF TEST CONDITIONS

kOCELERATED (A) SAMPLE I API
OR BELY UANJTITY SAMPLE MEAN LIFE STANDU

NORMAL(N) TYPE MEASURED SIZE (IN CYCLES) DEVIATION

A B I.M. 50 77,531 97,696

A B C.R. 50 51,735 82,695

AC 1.14. 50 4,.641 10, 268

A C C.R. 50 2,902 6,262

N B I.M. 10 1,172,500 769,500

N B C.R. 10 908,562 790,532

N C I.M. i0 573,121 314,684

N C C.R. 12 577,24o 271,039

TAKE 3.3.2 RESULTS OF THE t-TESTS

ACCELERATED(A) DEGREES
OR REIAY OF t SIGNIFICANCE

NORAL(N) TYPE FREEDOM PROBABILITY

A B 98 1.4107 .08

A C 98 1.o6 .16

N B 18 .7177 .58

N C 20 -.0314 .49
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measurements have a longer mean lifetime than those with C.R. measurements.

The appropriate statistic is

IM nCR(IM+nCR2) YIM YCR

1iM nR ]nC

where n,Y and S denote the sample sizes, _'mple means and sample standard
deviations, respectively, of the subgroui, of relays deaoted by the sub-
scripts. Large values of T are significant (i.e., lead to rejection of the
null hypothesis). Significance probabilities were calculated using the
assumption that each subgroup has normally distributed lifetimes, in which
case T has a t-distribution with nIM - nCR - 2 degrees of freedom under the
null hypothesis. Even if the true lifetime distributions are only approxi-
mately normal, the coqpted significance probabilities will be fairly accu-
rate, since the t-test is known to be quite ro'oust.

The results of the 4 t-tests are shown in Table 3.3.2. For the Type B
b relays at accelerated conditions, there is strong evidence that C.R. measure-

ments shoren relay life, snce the null hypothesis is rejected when the
significance level is .08 or greater. There is also fairly strong evidence
of the degrading effect of C.R. measurements for the Type C relays at acceler-
a'ved conditions (significance probability of .16). However, for the relays
tearted at normal conditions, there is no evidence that C.R. measurements de-
grade relay life, since for both the Type B and Type C relms, the null
hypothesis is accepted at any reasonable significance level.
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4.o FAILED PATS ANALYSIS

4.1 GENERAL RESULTS

In reviewing the failed relays, it was generally found that failures at
both normal and accelerated stress conditions occurred by failure mode No. 1
- "Material Transfer from Contact to Blade." Indications of this characteris-
tic vere present on almost all specimens.

The relay contact failures, as noted in Figures 6.6.2 through 6.6.5, were
attributed primarily to three basic factors.

1. The accelerated life test conditions (high contact current and
fast actuation rate).

2. The fast actuation rate (only).

3. The contact alignment.

The actual contact conditionsas reported tn Figures 6.6.2 through 6.6.5,
are identified to one of the factors above.

CODE

NUMR FAILURE FACTOR

1 Accelerated life test conditions
2 Accelerated life test conditions
3 Accelerated life test conditions
4 Accelerated life test conditions
5 Contact misalignment
6 See note below
7 Accelerated life test conditions
8 Accelerated life test conditions
9 Accelerated life test conditions

NOTE: The positive cause for failure for Code Number 6 was not deter-
mined. However, the probable causes are as follows:

a) Excessive operate and release time

b) Contamination

c) High contact resistance

Of these, the most probable cause would be the operate and re-
lease time. It becomes more significant as the actuation rate
is increased. The operate and release time has been observed
to fluctuate erratically as the actuation rate is increased above
50 hz° The 1-nitial test data shows that the Type C relays are
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more susceptible to this condition.

In reviewing Figures 6.6.2 through 6.6.5, it was noted that for both
Code Numbers 5 and 6 a higher percentage was reported for relays with con-
striction resistance than without constriction resistance. It should also
be noted that relays with constriction resistance had a shorter life than
relays without constriction resistance.

With reard to misalignment, there was a great deal of non-uniformity

of the position of the two legs of the bifurcated contacts in Type B relays.i Well over 2D% of the parts tested had adjustment differences that were immne!
diately evident in the form of unequal amounts of damage to the contacts.

The overload current, however, results in a higher than usual number of early
failures because of the small contact surface.

It Several Type B relays which had been subjected to constriction resis-
tance testing, were examined under a scanning electronic microscope from
5000 to 8000 magnification. This examination showed that there were round
shiny balls on the contact surface. These balls were believed to be silver
splatter caused by the high current pulse when msking the constriction resis-
tance measurement. This condition could account for the higher reported
percentage in Figures 6.6.2 through 6.6.5 under Code Number 6 for those
tested with constriction resistance. The silver bals would present a loer

surface contact area resulting in a high resistance contact miss. (Note:
These silver balls were not noted on relays which were tested without con-
striction resistance measurements.)

4.2 TYPE B REIAYS

Failure mode No. 6 was noticeably higher with contacts having constric-
tion resistance measurements than with those having I.,M products measurements
in both accelerated and normal test conditions. This was due to the early
failure rate of the contacts having constriction resistance measurements.
No significant difference was noticed between accelerated and normal testing.

Failure mode No. 8 was much greater for contacts tested at accelerated
conditions than those tested at normal conditions. This was caused by ex-
treme heating of the contact surfaces due to the high current and rapid
actuation rate.

4.3 TYM C RRlAYS

A considerable reduction in failure mode No. 6 was evident in the normal
test condition from that observed in the &ccelerated condition. Contact wear
is more uniform during normal condition life testing with a longer useful
life. The result is a greater amount of wear over a greater mmber of actua-
tions with less pernicious effects upon the switching characteristics of the
contacts. This condition was verified by the increase in failure mode No. 9
in the normal test condition over the accelerated condition. It was observed
that the loss of material from the stationary contact was from vaporization
rather than transfer as is evident in a similar increase in failure mode
No. 4 in the normal test condition.
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5.0 RECCOKENTIONS

This investigation has shown that a relationship between 1.M. products
and relay life exists and this relationship has been quantified. Thus, I.M.
products measurement presents a possible nondestructive test. The situation
for constriction resistance Is not so favorable. While a definitive rela-
tionship between relay life and constriction resistance exists the measure-
ment technique used tends to cause contact deterioration and thus, it is not
a true nondestructive test. Most of the data gathered in this study was at
accelerated conditions of relay operations (50 relays per treatment combina-
tionM) and this is where the satisfactory results were obtained, It Is recom-
mended that I.M. products be further studied, as a nondestructive test, with
relays operated at normal conditions. When we say normal conditions we mean
possibly even less contact load than the three(3) amps of this study. It
is further recommended that each treatment combination of relays be subjected
to only one measurement at some period, say pip early in life and that

various Pi be used for various treatment combinations. In this way the non-
destructive test would be easy to use; requiring only one (excepting the
initial measurement) measurement on the relay. Also, the "optimum" P, could
be identified. Finally, it is suggested that, in addition to regression
analysis techniques linear discriminant analysis techniques be employed as
a screening method. That is, instead of trying to predict relay life (from
1.M. products measurements) we try to screen the relays (again by I.M. pro-ducts measurements) into acceptable and nonacceptable classes.

A treatment combination is a particular type of relay receiving a
particular measurement, i.e., I.M. products or constriction resistance.
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6.0 oAPEIX

6.1 DESCRIPTION OF THE EXPERIMENTAL DESIGN

A visual display of the experimental design is given in Tables 6.1.1
and 6.1.2.

TABLE 6.1.1 EXPERIMENTAL DESIGN FOR ACCELERATED
TEST CONDITIONS

Bn C
I.M. Products 50 relays relays
Measurements 50

Constriction
Resistance 50 relays 50 relays
Measurements

TABLE 6.1.2 EXPERMENTAL DESIGN FOR NORMAL
TEST CONDITIONS

Type B Ty __
I.M. ProductsMasroduts 10 relays 10 relaysMeasurementsi

Constriction
Resistance 10 relays 11 relays
Measurements

In Table 6.1.1 the accelerated conditions refer to a 6 amp. contact
load, 25°C temperature and a 60 hz. actuation rate. Thus, at accelerated
conditions, 50 Type B relays received I.M. products measurements, 50 Type C
relays received I.M. products measurements and so on. The normal conditions
represented a 3 amp. contact load, 25°C temperature and a 1 hz. actuation
rate. Actually, a total of 50 "normal" tests were planned but time limita-
tions dictated a total of only 41.

The relays were tested in sets of five relays and on each relay the
normally open and normally closed contact pairs were monitored until the
third miss (miss is defined in Section 6.4). When both the normally open
and normally closed contact pairs had achieved three missets (on a given re-
lay) the relay was defined as failed.
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To control sources of variability, all the relays from each manufacturer
were obtained from one production lot. In addition, the relays were given
initial measurements, described in Section 6.2 to make certain all were
within specification. Finally, the relays to go on test (5 at a time) were
numbered and selected in a random manner from within the desired test cell
as given in Table 6.1.1 and 6.1.2.

6.2 INITIAL MEASURDN S

The test method used for this program was as follows: All relays were
subjected to initial screening tests at room temperature prior to the start
of the life test. The screening test parameters measured were: dc coil re-
sistance, contact resistance, insulation resistance, pickup and dropout volt-
ages, operate and release times, and contact bounce. Loads were resistive
with an open circuit voltage of 28 VDC. All relay coils were energized with
a rated coil voltage of 26.5 VDC.

The tests performed were as follows:

1. Coil Resistance - Using a Wheatstone Bridge.

2. Contact Resistance - By measuring the contact voltage drop at
rated test current (3 AMP. D.C.), using a Digital Voltmeter-
Ammeter method and by calculating the contact resistance.

3. Operate Time - Using standard oscilloscope procedures.

4. Contact Bounce - Using standard oscilloscope procedures.

5. Release Time - Using standard oscilloscope procedures.

6. Pickup Voltage - Voltmeter and lamp circuit.

7. Dropout Voltage - Voltmeter and lamp circuit.

8. Insulation Resistance - Using a Megobm Bridge.

Primarily, the measurement accuracy of the various test parameters was
limited only by the measuring instrument accuracy. Exceptions may have oc-
curred due to the human factor as stated in the following test conditions.

Oscilloscope measurements of operate and release time and contact bounce
may vary due to the slight parallax in the oscilloscope screen. The measure-
ment may vary slightly depending on the technician viewing the oscilloscope.

Pickup and dropout voltage measurements may vary with different rates
of voltage change. A rate of approximately 0.1 volt per second was used whenapproaching the critical potential.
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The test equipments used for the relay parameter measurement are as
follows:

EWIRNTf LIST (PARA=METRiEsuFewlS )

Oscilloscope, Tektronix, 535A - H- 7926 (Sweep Accuracy: 1-3%)

Pre-Amp, Scope, Tektronix, Type Ca - H-181243 (Amplitude Calibrator
Accuracy - 3%)

Digital Voltmeter, Calico, 8101, H-191695 (t 1 digit in last digit)

D. C. Ammeter, Weston, 901, 0-1-5-10A H-34537 (t 0.5%)

D. C. Voltmeter, Weston, 622, 0-30V range - H-47992- (t 0.1%)

Resistance Bridge, Leeds & Northrup, 5300 - 0 9 00 ( 0.1%)

D. C. Power Supply, Hewlett Packard, 721A - N-78022

D. C. Power Supply, Hewlett Packard, 721A - H-89573

D. C. Power Supply, Power Designs, 5015A - H-180996

D. V. Power Supply, Universal Electronics, U32-10 - H-212453

m B , General Radio, 544-B,- H-31M7 (t 4%)
~~6.31 DECRIPTION OF MET SETUP

6.3.1 (UNRAL

The relay life test setup is shown in the block diagram in Figure
6.4,1.1. The test set-up had provisions for actuating, detecting And record-
ing on photographic film the first, second and third contact failure of ten
(10) each relay contacts siultaneously. The relays were actuated at rates
of 1/sec and 60/sec.

The duty cycle was approximately 50 percent. The electrical load for
each relay contact pair consisted of a fixed noninductive wire wound resistor
in series with a variable wire wound vernier resistor. The open circuit load
voltage was adjusted for 28 VDC, the vernier was adjusted prior to the ini-
tiation of the life test for the load test current as specified by the Relay
Test Procedure.

A square wave generator was utilized to drive a mercury wetted contact
chopper type relay at the desired rate (i.e., 1/sec and 60/sec.).

The coil voltage of approximately 26.5 VDC was applied to each of the
relay test specimens through the contacts of this chopper relay. A drive
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signal for the number of relay actuation counters was derived from the chopper
relay. A panel with three indicators, representing first, second and third
relay contact failures for each of the ten contacts was mounted above the
relay actuation counter.

A 35"mm impulse type recording camera was focused on the clock, relay
actuation counter and contact failure display. The camera was triggered
whenever a contact failure occurred on any or all of the relay test speci-
mens.

The resulting 35 am film frame displayed the status of the contact
failure display, real time and accumulated relay actuations.

The date, test cell number, actuation rate, manufacturer and load
current data were written on a writing surface near the clock, so that
the camera recorded this information each time a frame was exposed.

6.3.2 CONTACT FAIWRE DETECTION

Basically the contact failure detection system consisted of four func-
tional circuits, namely, amplitude switch, relaxation oscillator, Uni-junction
failure pulse generator and N/3 divider.

The functions of the system can be explained briefly as follows: The
relaxation oscillator period was adjusted to be approximately 75% of one
complete switching cycle. If this relaxation oscillator was allowed to
free-run, a Uni-Junction circuit was fired at the end of the oscillator's
first complete period. This failure pulse entered one count on the respec-
tive N/3 divider and also triggered the 35 mm camera.

The camera trigger pulse was applied to a digital storage circuit, which
consisted basically of a free-running multi-vibration, flip-flop and emitter
follower. This circuit stored the camera trigger pulse.

If a contact failure occurred during the period, where the camera was in
the process of recording data (approximately 180 microseconds), then the next
"upi.tate" of the free-running multivibrator would reset the flip-flop and
thcrEb.,y generate an additional camera trigger pulse.

As loLg as the relay test specimen continued to make and break the con-
tacts at the actuation rate of the relay a potential of 28 VDC was applied
across the respective load resistor. This voltage, attenuated to a lower
level, was applied to two amplitude switches. One NPN and one PFP computer
type transistors were utilized to perform this switching function.

The NPN circuit inhibited the relaxation oscillator from reaching the
point where the Uni-Junction circuit would generate a failure pulse as long
as a signal voltage was received at the proper relay actuation rate.
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The PNP circuit enabled the Uni-Junction circuit to generate a failure
pulse whenever the voltage remained for a longer time than the predetermined
relay duty cycle time at its input, i.e., welded contacts.

At the time that a failure pulse was generated, a transistor clamping
and flip-flop circuit was utilized to reset the relaxation oscillator to zero
for the remainder of the cycle and a new cycle began.

The sensitivities of the IPN and PNP amplitude switches were set such
that an increase of approximately 35 ohms in the contact resistance of the
relay under test would result in a voltage drop sufficient to turn the res-
pective circuit on or off respectively. The N/3 divider circuit counted the
generated failure pulses, at the transition from count two to Lbree a trigger
pulse was generated.

This pulse was applied to the input of the SCR Relay circuit, the relay
was hereby energized and interrupted the load current of the respective relay
test specimen. Each of the ten monitoring channels bad such a relay. When
both r-lays corresponding to the N/C and N/O contacts of each test relay
were energized, the coil drive voltage was interrupted ending the test for
that relay.

The primary system power was wired in series with these contacts, when
the final relay was energized primary system power was removed, thereby ter-
minating the test.

6.3.3 TEST EFA T

Item Description Accuracy

Oscilloscope, Tektronix Sweep Accuracy t3%
Model 535A, H-77926

Pre-aplifier, Tektronix Amplitude Accuracy t3%
Model CA, H-181243

Low Frequency Function Generator, 3% Accuracyp 1% Stability
Hewlett Packard, Model 2D2, H-19901

D.C. Voltmeter, Weston ±0.1% of Full Scale.
Model 622, H-103510

D.C. Ammeter, Weston ±"0.5% of Full ScaleModel 901, H-34537

D.C. Power Supply, Perkin
Model MR 232-D0, H-15975

D.C. Power Supply, Perkin
Model MR 532-15A, H-33931
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Item Description Accuracy

D.C. Power Supply, Power Designs
Model 5015, H-I0213

D.C. Power Supply, Power Designs
Model 5015A, B-180930

7 D.C. Power Supply, Power Designs
Model 5015A, H-18099

D.C. Power 3upply, Power Designs
Model w005R, H-180883

D. C. Power Supply, Power Designs
Model 4O05R, H-180885

D. C. Power Supply, Dressen Barnes
Model 61-102, H-41761

Electronic Counter, Hewlett Packard Totalizing Mode
Model 524C, H-958T6

Relay Contact Failure Verified by Above Instruments
Detection and Recording System on Daily Basis.
RAC Built

Load Bank
HAC Built

6.4 RElAY MEASURaNT6

6.4.1 DEFINITION OF A FAIURE

The failure criteria was defined as three misses. A miss was defined as
any actuatt luring which the following occurred:

1. A contact failed to close within 50% of the normally closed period.

2. A contact failed to open within 50% of the normally open period.

3. A contact closed with a contact resistance greater than 35 ohms.

6.4.2 FREQUENCY OF I.M. PRODUCTS AND CONSTRICTrON RESISTANJCE KLASUFOWT

Within reasonable limits, the more freq ,*t (and hence the larger number
of) the measurements of I.M. products and constriction resistance, hereafter,
simply "measurements," the better the chance of obtaining a useful relation-
ship to relay life. It is particularly important to have measurements in the
periods of life of highest interest: early life, intermediate life, and late
life.
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For the purposes of this program the following definitions were mde.
The early life period is defined as the cycles at which 20 percent of the
relays have failed. Put another way, it is the number of cycles such that
the probability of relay failure at or before that cycle is 0.2). Similarly,
the intermediate period is defined as the cycles between (and including) the
40th and 60th percentiles of the life distribution. Finally, the late life
period is defined as the last 80 percent of the life distribution.

It was planned to make five measurements on the N.0. and N.C. contact
pairs in each of the early, intermediate, and late life periods. In addition,
there was an initial measurement and a measurement at the 30th and 70th per-
t.intiles, for a total of 18 measurement periods for each relay: 18 on N.O.
pairs and 18 on N.C. pairs. Of course, not all relays received all measure-
ments since they do not all live to completion of the test. Figure 6.4.2.1
on the following page gives the percentiles (in cycles) of the failure dis-
tributions at the normal and accelerated conditions. The 18 measurement
periods were at the 2nd, 5th, 10th, 15th, 20th, 30th, 4oth, 45th, 50th, 55th,
60th, 70th, 80th, 85th, 90th, 95th, 98th percentiles, and an initial measure-
ment.

6.4.3 INTERMOWIATION PRODUCTS M SUR
;I

Figure 6.4.3.2 is a block diagram of the test circuit. The output of
the audio oscillator (set at 1 KC) was filtered to minimize the third har-
monic content and amplified to the required signal level. The 4 Ohm output
of the power amplifier was connected to the contacts under test and a 4.2
Ohm noninductive load resistor in series. The third harmonic voltage gener-
ated by the contacts was measured with the HP 302A Harmonic Wave Analyzer.
The excitation current was set by adjusting the amplifier input to provide
5 amperes rms. as indicated by an AC ammeter in series with the load.

Third harmonic voltage originating in the power amplifier was monitored
and measured daily and/or pr-'.r to each cell measuremevit and was maintained
below 5 mv.

Distortion Constriction Resistance measurement was performed on the
relays prior to life test and at the specified measurement points throughout
the life test.

6.4.3.1 TEST EQJIPMW

Item Description Accuracy

Audio Oscillator, Hewlett Packard Frequency t%
Model ZOOCD, H-48317

Low Pass Filter, Krohn-Hite Cut-off Frequencies
Model 330)4, H-41330

Power Amplifier, McIntosh
Model 120O, H-45a0I
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" ...- ?c,.n, ol t.s'~*,, .t. .

~0NI3WB&025'Q6IH2. 6AP050C.6
'ercentile -B and C_.____

Initial
Measurement 0 0 0

2nd 18,000 75 350

j Early 5th 44o,ooo 500 380

Life loth 650,000 750 430

Period 15th 725o000 13,O4O0 490

2th 750,000 75,600 560

t 30th 795,000 105,000 72

40th 835,000 153,000 960

Intermediate 45th 905,v000 180,000 1,15O

Life 50th 930,000 210,000 1,350

Period 55th 980,000 225,000 1,6oo

60th 1,055,000 24o,O00 2,100
70th I150o000 350,000 3*70

80th 1,2ao0,000 475,000 , 9,600

Late 85th 1,275,000 500,000 19,000

Life 90th 1,460000 585,000 35,000

Period 95th 1,780,000 635,000 88,000

98th 1,885,000 680,000 107,000

Figure 6.4.2.1 Cycles-at-Measurement for Contact
Reliability Screening Program
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6.4.3.1 TEST EQUIP4ENT (Cont'd)

Item Description Accuracy

Coax Switcher, Jerrold
Model FD-30, H-90788

A.C. Ammeter, Weston 0.5% of Full Scale
Model 904, 520-O1d09

Wave Aralyzer, Hewlett Packard Frequency t(l% + 5 HZ)
Model 302A, H-89811 Amplitude ± 5% of Full Scale

The measurement of intermodulation distortion has for many years been used to
assess the non-linearity of audio equipment; however, it has only recently
been considered for use as a measure of the health of relay contacts. The
classical method of intermodulation distortion measurement is best explained
by an examination of a typical test set-up as diagrammed below.

For the sake of simplicity we can consider that the non-lineerity of the
device under test results in the modulation of the higher frequency fl by the
lower f2 , and that the high pass filter removes all the fundamental and har-
monics of the lower frequency (F2 = f2 + 2f2 + 3f2, etc.). Thus, at the in-
put to the detector, we have the carrier plus its modulation sidebands, plus
the harmonics of the carrier and their modulation sidebands, F1 + F1 . The
detection process eliminates the carrier, fl, and the low-pass filter is
selected to remove all harmonics of the carrier (2fl, 3fl, etc.) and their
modulation sidebands; thus, we are left with only f2, 2f2, 3f2 , etc. at the
input to the meter. This method of measurement is attractive since it
eliminates all harmonics of the test frequencies and is thus independent of

the purity of the waveform of the signal sources.

INTERMODULATION PRODUCTS

F2 - LOW FREQUENCY (f2 ) AND ITS HARMONICS

f2, 2f 2, 3f 2 ETC.
fl> f2 F1 - HIGH FREQUENCY (f1 ) AND ITS HARMONICS

S IG N A L  
fl, 2fl. 3fl± ETC.

GENERATOR F1 ~F 1 ' = F I + M O D U L A T I O N S ID E B A N D S

= F1 :t f2, F1 t 2f2, F1 
+ 3f2- ETC.

UNDE~ HIGH PAS DETCTO FILTERMETER

PF 2 + F1 + Fl' Fi+ F1 F1'f t 2 22lW.EC
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When this method of making intermodulation measurements was evaluated
for performance, it was determined that the noise ambient was high enough to
render the approach impractical.

An examination of the intermodulation components of constriction
resistance discloses that a sizeable second harmonic (e2) of the lower
frequency (f2) is present:

e2 =() Sin 2w t
1r) 2

3
where a is the coefficient associated with the i term in the constriction
resistance transfer characteristics. Since the second harmonic can be
measured using a band-pass filter which restricts the impact of ambient
noise to a reasonable level, this method was breadboarded. Evaluation of
the breadboard showed that useful and repeatable measurements could be
made and this was the selected method.

6.4.4 CONSTRICTION RESISTANCE MEASUmR T

The 3M Model 8100 Electrical Contact Analyzer was used for measuringConstriction Resistance. Figure 6.4.4.2 is a block diagram of the test

circuit. Bias current supplied by a constant current source flows through
the contacts under testp causing a deflection of the null meter. The bias
current is selected and the null meter deflection is zeroed out. The pulse
current is selected and the precision readout of the current amplitude set-
ting is made on a large display meter. A button is depressed to trigger a
high current pulse through the contacts while observing the null meter.
The pulse current is successively increased through the contacts. A large
shift in the null, reading in a high sensitivity rangi, indicates that
critical current has been reached, and a direct reading of Pulse Constric-

tion Resistance is made on the display meter.

6.4.4.1 TEST EQUIPIENr

Item Description Accuracy

Contact Analyzer, 3M - 5% Nominal Capability
Model 8100, H-224182

38

- ~ ~ -- - - -



kV

6.5 STATISTICAL ANALYSES

Section 3 of this report briefly describes the statistical analyses
performed in this study and summarizes the results obtained. The purpose
of this appendix is to present a complete and self-contained account of
the statistical analyses leading to the results summarized in Sections 3.1
and 3.2. The descriptions of the analysis in Section 3.3 is complete and
needs no further detail.

6.5.1 REGRESSION ANALYSES

Regression analysis of the relay test data was the principal method
used in this study to investigate the relationships between constriction
resistance (C.R.) measurements and relay life and between intermodulation
(I.M.) products and relay life. This section describes how the regression
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The actual area of contact is a smal tual Contact. The constriction re-
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Block Diagram of the 3K Model 8100 Electrical Contact Analyzer. Current pulse
is used to measure the constriction resistance.

Figure 6...
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analyses were planned and carried out, resulting in the selection of models
yielding mathematical estimates of the dependence of relay life on I.M. and
C.R. measurements. The discussion is divided into 4 subsections. Section
6.5.1.1 describes the range of regression models that were investigated in
this study. Section 6.5.1.2 describes the multiple regression computer pro-
gram that was used to fit the models to the data. Section 6.5.1.3 discusses
the criteria that were used in analyzing the output of the computer runs in
order to identify the "best" regression models. Finally, in Section 6.5.1.4,
the "best" regression equations 4etermined from the analyses are exhibited and
discussed.

6.5.1.1 THE REGRSION MODELS

Table 6.5.1.1.1 indexes the eight blocks of data obteined in this study.
In Blocks 1,3,5 and 7, I.M. measurwantn were taken on the relays, so that the
data in these blocks was used to determine the relationship between relay
life and I.M. measurements. Similarly, the data in Blocks 2,4,6 and 8 was
used to determine the relationship between relay life and C.R. measurements.
Data from relays tested under accelerated ist conditions can clearly not
be pooled with data from relays tested under normal test conditions, nor can
data from the two different types of relays be combined. Hence, eight dif-
ferent regression analyses were carried out, one on each block of data.

In all the regression analyses, only one definition of relay lifetime
was used: relay lifetime is defined to be the minimum of the number of cycles
to third miss of the normally open (N.O.) contact pair and the number of
cycles to third miss of the normally closed (N.C.) contact pair. This relay
lifetime is the dependent variable in each regression analysis, and is de-
noted by Y throughout this discussion.

The independent variables are (transformations of) the I.M. or C.R.
measurements (depending on the block of data being anslyred). In each block,
the notation X,, i=l, .... , 18 is used to denote the (I.M. or C.R.) measure-
ments, X1 being the initial measurement and X2,Xp.. - being succeeding
measurements. The X 's denote the measurements taken on the particular con-
tact pair (N.O. or N.C.) which had the minimum number of cycles to third
miss. Of course, for each relay, the variables Xi are defined only for those
values of I indexing measurements taken before the end of ralay lifetime.
Hence, if the readings taken on a relay are XlX 2 ... ,Xk for some k, lfk 18,

then the data from that relay can be used to fit any regression equation with
independent variables Xl,. ... , X if jg k. However, if J>k, then the data
from that relay cannot be used to fit a regression equation with independent
variables X1, .... , X3 •

Twenty different forms of regression models were investigated in this
study. These were derived by combining each of five (5) basic transformations
of the Xi's with each of four (4) basic regression equations. Table
6.5.1.1.2 lists the 5 sets of transformations used. Except for Set No. 1
(the identity transformation), the transformations are defined only for
iA2, since, for example, "change from the previous measurement" has no
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TABLE 6.5.1.1.1 IN= OF DATA BLOCKS

ACCEWIATED(A) NO. OF
BLOCK OR RELAY QUAN~TW RELAYS NO. OF REGRESSION

NO. NOMAL(N) TE MEA4JEED IN BLOCK MODE INVESTIGATED

1 A B I.M. 50 164

2 A B C.R. 5D 124

3 A C l.x. 50 268

4 A C C.R. 02

5 N B I.. 10 80

6 N B C.R. 10 60

7 N C I.3. 10 44

8 N C C.R. 12* 44

*Only 11 relays were tested completely, and the 12th relay was dwmged

during test. However, one of the contact pairs had already failed
before danmge to the other contact pair occurred, so that enough
data was available on the 12th relay according to the definition of
relay life used.

I
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TABLE 6.5.1.1.2 FIVE BASIC DATA TRANSFOWM&TIONS

SET TRANSFORMTION INTERPRETATION

' -Xi, 1-1, • • • ,p k actual measurement

2 Ui= i-x$ -.0 1=2p o..., k change from the previous
measurement

3 Ui-=x-xl, i-2, .... , k change from the initial
measurement

x i-x
4 U i'X i=2, *#o . k relative change from the

ixI previous measurement

x -x
5 p 12, .... p k relative change from the

X 'initial measurement

TABLE 6.5.1.1.3 FUJR BASIC REGRESSION EWATIONS

F1ATION TYPE OF
NO. MODEL BASIC REGRESSION EQUATION

2 mudratic Y - eoC 2 . _ " + kk
Ztic~ 11 Il~22 2 ckUkI

3 Logarithmic Y = cO+cllogUl+c2logU2 + ,.... +cklogUk+(

4 xponential Y -t exp(c0.cU+ :c 2U2  .... + c k .U E)
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meaning for i =1 (the initial measurement). For pnrely notational convenience,
U1 is defined by U-0 in Set 2 through Set 5.

Table 6.5.1.1.3 lists the 4 basic regression equations that were investi-
gated. In each equation, E denoteg a normally distributed random variable
with mean 0 and unknown variance o . Equations 1,2, 3 and 4 express relay
lifetime Y as linear, quadratic, logarithmic and exponential functions of the
U' s respectively.

As an example of how the 2D basic regression models are generated, con-
sider Transformation Set No. 4 and Regression Equation No. 3. The resulting
model is

cc 2 log(3 g!")+ c3  % 2 """ . ck log) 6.

In each block of data, each of the 2D basic regression models was inves-
* tigated using a range of different values of k. For example, consider the

case of using the model. generated by Transformation Set No. 1 and Regression
Equation No. 1 to fit the data in Block No. 5(Type B relay, normal conditions,
Io. measurements). There were 10 relays in the block and, of course, all 10
relays had an initial IoM. measuremento So for k-l, the model is

y - co + c1xI +

and the model was fitted using 10 data points, each "point"s being a relay
lifetime and an initial I.o. measurement (Y OX ), J1-i, • •., 10. Similarly,
since all 10 relays survived to the second .° measurement, 10 data points
were used to fit the model Y - cC X1 cC 2 E For k-3,, there wert! 3 relays
that felled before the third 1.14. measurement. Bence, only data from the 7
surviving relays were used to fit the model!Y - ce41 cC 2 +c3X3+E. There were

no relay failures before the next X.N. measurement, so data from the same 7
relays were used to fit the model for k=4. However, for k-5, there were
only 6 relays that had not failed before the fifth I.. measurement. Since
there are 6 parameters to estimate (coc 1,....,c 6 ) in the regression equation,

and since there are only 6 data points available, the regression equation
cannot be fitted, since the number of data points does not exceed the number
of paramieters to be estimated.

The above example illustrates what happens for each block of data and
each type of regression model. As k increases, the number of data points, n,
available for fitting the model decreases. Zventurlly, the number of "degrees
of freedom"., n-k-i, is no longer greater than 0 and larger values of k cannot
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be used in the model. The last column of Table 6.5.1..1 gives the totalnumber of regression models investigated for each data block, counting themodels generated by different values of k as "different" models.

The totality of regression models investigted in this study has been

described in the above paragraphs. One important fact to note about the
models is that the number of cycles at which I.M. and C.R. readings were
taken influence the model in only an indirect way: they determine the
number of readings X ,X , .... taken on each relay durings its lifetime.
The actual magnitudei o the number of cycles at which readings were taken
are not used in any of the regression model calculations.

6.5.1.2 THE MULTIPLE REGRESSION CCUM4eR PROGRAM

As seen from Table 6.5.1.1.1, a total of 988 different regressions were
run during the study.* A general computer program was used to make all these
analyses. First, a main program was written to sort out and transform the
data points for fitting each possible model, as described in Section 6.5.1.1.
Then standard subroutines from the I3 Scientific Subrouting Package were
used to perform multiple regression on each set of transformed data. The
programmed regression computations are described below.

In each analysis, the data consisted of n vectors of observations
(Zi,VilVi 2, .... , Vik), i=l, .... , n, and the model to be fitted was of the
form

z = cd+c1V1 c2v2 + .... + ckVk +

where the V's are the appropriate functions of the U's, and Z=Y in Regression

Equations 1,2 and 3, Z = logY in Equation 4.

The regression program used was a stepwise regression program, which
allows the user the option of deleting from the model those variables which
are in a certain sense least important. This option was never used for the
reason that the independent variables are generated from measurements
X IX22 .... , Xk taken sequentially in time. Hence, if, say, X2 were elimin-
ated from the model, one would throw away information already available (the
observations Xi2 , i-l, .... , n). So all variables were entered into each
model, and the stepwise regression was equivalent to a simple multiple re-
gression analysis. For this reason, the analysis is described below without

*Actually, a total of 1455 regressions were run, but 467 of the runs provided
no additional information. This latter group of runs used different defini-
tions of relay life (e.g., number of cycles to third miss of the N.O. con-
tact pair). These runs were discontinued after it was decided to restrict
the analysis to a single definition of relay life.
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discussing the criteria for the stepwise entering of variables.

The first subroutine compates sample means, standard deviations, and
correlation coefficients. The sample means are given by

n =1, o..., k

n 3 n

Then the following are computed:
n~~ nh')(i 1

Sj ~ ~ ~ (i =T T VjT)V -T) ~,
n- im It

T 1i=l

where j = 2 l,2,...,k; and Tj ki

The sample correlation coefficients are given by

"where J=1, , k; 11, 9....,

and sample standard deviations are given by

a I- where j=1, .... , k. '

%rn -1

Also, the quantities s z and rjz, J-l, •.., k, are computed, where s z

is the sample standard deviation computed from the Z,'s, and ri, is the

sample correlation coefficient of the jth independent variable V with the
dependent variable Z. The computation of these two quantities fAllows in
obvious analogy from the formulas given above.

The next subroutine of the program computes the inverse of the correla-
tion matrix

R = (rij), i=l, .... , k; 1=1, .... , k.

The il- element of the resulting matrix R- 1 is denoteC by -1

46



The main subroutine now computes all the statistics of interest. First,
"beta weights" are calculated as follows:

k -1
r , k.

Then, the regression coefficients are calculated:

ca j=, =, .... , k.

The intercept is found by the following equation:

k

The coefficient of determination is:

k

J.1

and the multiple correlation coefficient R(= FR) is computed and adjusted
for degrees of freedom by

-4 2R- = -(41-R ) (n-l)/(nok)

The sum of squares attributable to the regression is found by:

n

SSAR a R (Zi  1)2.
1

and the sum of squares of deviations from the regression is given by:

SSDR (Z SSR
SSR (-)-ssAR.

Then the F-value for amlyuis of variance is given by:

FOBS. -SSA(nk-i
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The standard error of the estimated Z is obtained by

SSm

and adjusted by

S' - S V(n-)/(nnk)

Standard deviations of the regression coefficients are given by:

W r, ", •,.., k

(Vi 1)2

Finally, the program computes t-values

IC

}i* C

This completes the description of the output from the multiple regression
program. The theoretical justification for these calculations follows from
least squares theory. A good reference for the theory, including interpreta-
tions for all the statistics generated and examples, is Linear Statistical
Inference and Its Appcations, by C. R. Rao, John Wiley and Sons, Inc., Nev

York, 19b5, pp. 22D-242.

b.5..3 CRITERIA FM SEEION OF THE "BEST" MOE LS

For each of the 988 regression models Investigated, all the statistics
described above were generat.ed. This section discusses the criteria used
to compare the outputs and to select a "best" model for each of the 8 blocks
of data analyzed.

In investigating the rest-Its of the regressions, there were two basic
problems to keep in mind:

1. There my be no relationship at all between relay life and I.M. or
C.R. measurements.

2. Even if there is a relationship, the true model may not be one of
the ones investigated.

Because of 1. above, a cautious approach was taken in the analyses. It
was assumed that there was no relationship between relay life and I.M. or
C.R. measurement unless there was (statistically speaking) strong evidence

48



AII

of a relationship. As for problem 2. above, a conscious effort was made to
select a wide and representative choice of models for investigation. The 5
different types of independent variables and 4 types of models (linear, qua-
dratic, logarithmic, and exponential) were selected to cover a wide variety
of possibilities, and at the same time to make the number of regressions in-
vestigated feasible (i.e., under 1000 in this study). Also, it was felt that
even if the true model could not be uncovered, then one of the investigated
models should be close enough to the true model for practical purposes.

In accordance with the above considerations, two statistics were selected
as the basic measures for comparing models: FOBS. and R1. The F-statistic
is used to test the null hypothesis that there is no relationship between
relay life and the independent variable (I.M. or C.R.) against the alternative
hypothesis that the model fits. For an o-level test, the null hypothesis is
rejected if FOBS, exceeds the (1-a) point of the F-distribution with k and
n-k-1 degrees of freedom. So for the data to show that a given model is
valid, the value of the F-statistic should be high. In this study a minimum
criterion was established for a model to be accepted: ROBS must exceed

the 90th percentage point of the F-distribution with k and n-k-1 degrees of
freedom.

The second important measure for comparing models is R, the multiple
correlation coefficient adjusted for degrees of freedom. R', a measure of
how well the data fits the computed regression line, takes on values between
0 and 1, with large values demonstrating a good fit. The adjustment for de-
grees of freedom makes the values of R' for different models directly compara-
ble. High values of R'are desirable for the models selected, but no rigid
minimum standard was established as in the case of the F-statistic.

Consideration of FOBS and R1 alone lead to selection of the "best"
models in most cases. In general, the model with the highest value of FOBS.

was selected. However, in cases where two or more modela yielded very high
values of FOBS., the model with the highest R" was selected.

As indicated above, the selection of the best model for each block was
a flexible, rather than rigid, procedure. Some other factors were considered
besides the values of FOBS. and R'. One factor was that when two models were
about equally "good," it was desirable to select the "simplest" model (e.g.,
to choose Transformation Set No. 1 over the four others). Also, from a
practical point of view, models with the smallest values of k are most desira-
ble. (A model with k-l is ideal, since one could take an initial I.M. or C.R,
reading on a relay and predict relay life without any further testing.)
Hence, other things being about equal among competing models, the one with
the smallest k was selected.

6.5.1.4 RESULTS OF THE ANALYSES

Table 6.5.1.4.1 gives a summary of some important quantities relating to
the "best" models selected for each block according to the criteria in Section
6.5.1.3. The columns "Set No." and "Equation No." identifies the form of the
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selected regression model (as coded in Tables 6.5.1.1.2 and 6.5.1.1.3). The
columns identifying kn,R' and FOS. for the selected models are self-explana-
tory. The last column, "significance level *," gives the level of the F-test
which FoS. is the critical value. The values of a were obtained by using a

freedom.

The results from the accelerated tests (Blocks 1 through 4) were the most
satisfactory, undoubtedly because there was considerably more data available
(50 relays/block) in the accelerated tests than in the tests at normal condi-
tions (10 relays/block). In analyzing the accelerated data, it was first
noted in using each basic regression equation on each block of data, that
nearly the same maximum values of R" and FOBS. could be achieved no matter
which of the 5 data transformation sets was used. (This pattern of regularity
did not appear for the tests at normal conditions.) So in each of Blocks 1,
2,3 and 4, the search for a "beat" model was restricted to models using Data
Transformation No. 1. Within each block, the best model turned out to be one
of the models using regression equation No. 4.

All the selected models in Blocks 1 through 4 have an acceptably high
value of FoBS. (i.e., with significance level a g .10 in each case). As for
the values of R', they seem acceptably high in the models for Blocks 1 and 2
(RI = .62 &nd R' = .80, respectively). The values of R" in the models for
Blocks 3 and 4 are rather low, but this negative factor is convincingly out-
weighed by the high values of FOBS,. So an important conclusion of the statis-
tical analysis in this study is the following:

For all the relays tested at accelerated conditions, the relationship
between relay life Y and I.M. or C.R. measurements (denoted in either case
by X, J-=1, .... , k) can be well described by models of the form

Y = O pcl~l 2 + ... + r"'k

For the relays tested at normal conditions, there is no uniformity of
results, as seen in Blocks 5,6 and 7 of Table 6.5.1.4.1. In fact, the
criteria had to be relaxed somewhat in order to designate "beat" models for
Blocks 5 and 7. For Block 8. none of the 44 models investigated yield a value
of F0BS that could result in the rejection of the null hypothesis of no re-
lationship at even the a-.50 level. So for Block 8, no model was selected.
As was mentioned above, the probable cause for the poor results in Blocks 5
through 8 was the swall maple size.

Tables 6.5.1.. through 6.5.1.4.8 give the following additional infor-
mation for each of the best models selected for Blocks 1 through 7:

. The multiple correlation coefficient.

o The multiple correlation coefficient adjusted for degrees of
freedom (R").

& The standard error of the estimate.
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TABLE 6.5.1.4.2

Block No. 1

Test Conditions Accelerated

Relay Type B

Independent Variables, X1.14. ?-roducts

Number of Measuraeents, kt 6
Number of Data Points, n 18

Multiple Correlation Coefficient -74706

Adjusted for Degrees of Freedom Q6u53

Standard Error of the Estimate .45266

Adjusted for Degrees of Freedom .53877
F-Ratio for Sum of Squares Due to Regression 2.3154

Reg~sssion Equzation:

Y =exP(lo-l339 - 1.614xi + 2.91eOX 2 - 9.3429K 3

4 l.1576x 4 + 8.lo96x 5 + 4-7862%6 + E).
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TABLE 6.5.1.4.3

Block No. 2

Test Conditions Accelerated

Relay Type B

Independent Variables, X C.R. Measurements

Number of Measurements, k

Number of Date Points, n 15

Multiple Correlation Coefficient .81856

Adjusted for Degrees of Freedom .79882

Standard Error of the Estimate 1.25876

Adjusted for Degrees of Freedom 1.31826

F-Ratio for Sum of Squares Due to Regression 15.2305

Regression Equation:

Y = exp(8 .331 80 -. 00509 1 + .00396x 2

+ .00523X3 + .0481X 4 + E).

54

i5



TABLs 6.5.1.4.4

Block No. 3

Test Conditions Accelerated

Relay Type C

Independent Variables, X I.M. Products

Number of Measurements, k

Number of Data Points, n 34

Multiple Correlation Coefficient .49863
Adjusted for Degrees of Freedom .41653

Standard Error of the Estiate 1.0172

Adjusted for Degrees of Freedom 1.0669

F-Ratio for Sum of Squares Due to Regression 2.3991

Regression Equation:

Y = exp(8.0595 - 7.708X + 3.043ox 2

1 l.85 9X3 + 6.57o6x + E).
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TABLE 6.5.1.4.5

Block No. '4
Test Conditions Accelerated

Relay Type C

Independent Variables, C.R. Measurements

Number of Measurements, k 3

Number of Data Points, n 43

Multiple Correlation Coefficient .4528T

Adjusted for Degrees of Freedom .40663

Standard Error of the Estimate .80665

Adjusted for Degrees of Freedom .82657

F-Ratio for Sum of Squares Due to Regression 3.3542

Regression Equation:

Y= exp(7.2 634  .01335X1 - 04453X2 - .02241X3 + E).
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TA= 6.5.1..6

Block No. 5

Test Conditions Normal

Relay Type B

Independent Variables, X I.M. Products

Number of Measurements, k 5

Number of Data Points, n 6

Multiple Correlation Coefficient .98034

Adjusted for Degrees of Freedom .95009

Standard Error of the Estiate 2.8328x1O5

Adjlusted for Degres of Freedom 4.479ix105

F-Ratio for Sum of Squares Due to Regression 6.1717

Regression Equation:

Y 2.o7049x" + 1.707Zx - x2)

+ 3.3586x106  X2 _X2-) + 1.GN509x,0 7 x(X 2 2~

1 .2489Y10 7 x(X2 _ X2) + j
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TABL 6.5.1.4.7

Block No. 6

Test Conditions Normal

Relay Type B

Independent Variables, Xi C.R. Meaurements

Number of Measurements, k 3
Number of Data Pointsn 6

Multiple Correlation Coefficient .91517

Adjusted for Degrees of Freedom .89271

Standard Error of the Estimate .32885

Adjusted for Degrees of Freedom .36765
F-Ratio for Sum of Squares Due to Regression 7.7329

Regression Equation:

Y exp(15.5376  4. 15998(!;)- 2

1 4.ol934*
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TABLE 6.5.1.4,8

Block No. 7
Test Conditions Normal

Relay Type C

Independent Variables, X I.Mo Products

Number of Measurements, k 3

Number of Data Points, n 5

Multiple Correlation Coefficient .57

Adjusted for Degrees of Freedom .7588

Standard Error of the Estimate 1.9484x105

Adjusted for Degrees of Freedow 2.2499x105

F-Ratio for Sum of Squares Due to Regression 2.1427

I
Regression Equation:

Y 4.9691x1o 5 - B.MIX1o6x /x2xl

+ 9.o437xlO xlc ) , 3 E.
(/
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o The standard error of the estimate adjusted for degrees of
freedom.

o The F-Ratio for the sum of squares due to regression (FB.

* The fitted regression equation.

6.5.1.5 RESULTS OF SOME ADDITIONAL ANALYSES

The main result of Section 6.5.1o4 is that, for the accelerated tests,
relay life Y can be determined by models of the form

Y = xp(cO clX1 + +" iXk + E).

where [Xl, .... , Xk] are successive I.M. or C.R. measurements. A natural
question to investigate is whether the model

Y - ci* ).(2)

is as good or better for predicting relay life. If so, then it would onlybe necessary to take an initial reading X 1 and a second reading Xk (at the

number of cycles indexed by k), and ouit the "in-between" readings. This
procedure would, of course, be quite desirable from a practical point of
view.

For each of Blocks 1 through 4, the regression program was run for the
model of form (2) above, where the values of k used are those of the previous-
ly fitted models (Table 6.5.1.94.1).

Tables 6.5.1.5.1 and 6.5.1.5.2 give the results of the analyses of the
new models for Blocks 1 and 3 (I.M. measurements on Relay Types B and C,
respectively). Both models compare favorably with the selected models of
the previous section. For the Block 1 data, the previous fitted model yielded
a value of FoBsof 2.32 with significance level a=.100 while the new model
had Fc .- 3. 9, with significance level a = .06. Thus, the evidence that
the new model explains the true relationship between relay life and I.M.
measurements is stronger than the corresponding evidence for the previous
model. However, the multiple correlation coefficient adjusted for degrees
of freedom, R', is only .5244., somewhat less than the R' of .6115 for theprevious model.

For the Block 3 data, the new model yields an FOBSwith significance
level oO4, which is better than the .08 level of the previous fitted model.
In addition, the R" for the new model is .4551, higher than the R' of .4165for the previous model. Hence, for the Type C relay, the model that usesonly the initial and sixth I.M. measurements is a better predictor of relay

life than the model that uses all 6 miesurements. -
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TABLE 6.5.1.5.1

Block No. 1

Test Conditions Accelerated

Relay Type B

Independent Variables, X I.M. Products

Number of Measurements 2

Number of Data Points, n 18

Multiple Correlation Coefficient . 56363
Adjusted for Degrees of Freedom • 52443

Standard Error of the Estimate .48167

Adjusted for Degrees of Freedou .49650
F-Ratio for Sum of Squares Due to Regression 3.4919

Regression Equation:

Y - exp(12.0714 - 4.4760x1 + 403881X6 + E).
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TABLE 6.5.1.5.2

Block No. 3
Test Conditions Accelerated

Relay Type C

Independent Variables, XJ I.M. Products

Number of Measurements 2

Number of Data Points, n 34

Multiple Correlation Coefficient .8074

Adjusted for Degrees of Freedom .45507
Standard Error of the Estimate .99522

Adjusted for Degrees of Freedom 1.0106

F-Ratio for Sum of Squares Due to Regression 4.6591

Regression Equation:

Y = exp(8.1286 - 7.6816X1  7.700X4 + ).

61
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The conclusion from the above discussion is that for relays tested at
accelerated conditions, the model

y = exp(co~clxlckxk E)

using only the first and last I.M. measurements is as good a predictor of
relay life as is the model using all k of the I.M. measurements.

For the models using C.R. measurezents, a conclusion similar to the
above could not be made. The new model for the Block 2 data does as well as
the previous model for relay life. But the new model for the Block 4 data
pr'oduces quite inadequate results: the value of FOBSis not significant
even at the .50 level, and the value of R is a very low .1511. So for
Block 4, the previous model using 6 C.R. measurements is better for predicting
relay life. Even if the model using only an initial and final C.R. measure-
ment had produced good results in Block 4 as well as Block 2, it would have
been difficult to draw a conclusion about the effect of not taking in-between
readings. The reason for this is that for the data available, the in-between
readings had, in fact, been taken. Since C.R. readings degrade relay life
(as shown in Section 3.3), the in-between readings, whether used in the model
or not, affect the data. The only way to see the true effect of using the
new type of model for C.R. meAsurements is to run a new experiment taking
only an initial measurement and one later measurement.

6.5.2 GOODNESS-OF-FIT TESTS

This section discusses an attempt that was made to fit failure distribu-
tions to each of the four blocks of relays tested under accelerated conditions.

For each of the four blocks of data, parameters were estimated for each of 3
types of two-parameter failure distributions: Weibull, Lognormal, and Gamma.
Chi-square tests were taken to test the goodness-o±'-fit of each of the esti-
mated distributions. No attempt was made to fit failure distributions to the
four blocks of relays tested at normal conditions, because a sample size of
10 is not adequate for taking a valid Chi-square test (there are not enough
degrees of freedom). This does not mean that it is impossible to fit failure
dlstributio,.s with only 10 observations. For appropriate fitting methods,
the reader is referred to Accelerated Reliability Testing for Non-electronic
Parts, by R. E. Schafer and W. Yurkowsky, Technical Report No. RADC-TR-66:L&25,
Sept., 1966.

In each of Blocks 1 through 4, the observed lifetimes of the 50 relays
are denoted by (Y ;i-l,...,50]. Here, as throughout this report, the Y's
are defined as thl minimum of the number of cycles to third miss of the N.O.
contact pair and the number of cycles to third miss of the N.C. contact pair.

Table 6.5.2.1 lists the 3 families of distributions used in attempting
to fit relay failure data, and indicates the methods used to estimate parameters.
The 3 distribution types were selected because they are well-known, tractable,
and concentrate all of the mass on non-negative values. (This last property
is obviously required of lifetime distributions.)
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TABLE 6.5.2.1 DISTRIYT IONS FOR FITTING ACW WLATED TEST DTA

.. ...._ Method of
Distri- Para- Estimting
bution meters Definition Parameters

Weibull b c Density function* is Maximum
Likelihood

w(y-bpc) =IO - exp(-(by)

Log- 1k a If logY - Normal (a), Matching
normal then Moments after

transformation
Y - Lognornmal (P, 2 )  to log 'i

Gams a X Density fUnction* is Matching
Moments

*The formula defines the density function for non-negative values of
the argument y. For negative y, the density function equals 0.

+I+
TA
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The details of estimating the parameters b and c of the Weibull distri-
bution by maximum likelihood are given in "Inferences on the Parameters of
the Weibull Distribution.." by Thoman, Bain and Antle, Techuometrics, Vol. 11,
No- 3,. August 1969, pp. 445-460. The Lognorml parameters, p and e , were
estimated by the sample mean and sample variance, respectively, of the

quantities JlogY1,i=l,....,50]. This procedure makes sense, since the logY1

are presumed to be normally distributed, by definition. For estimating the
Gamma, parameters, the method of matching Roments was used directly: the
sample mean, p, and the sample variance, P, of the (Yi } are equated to the

distribution mean, X/a, and variance, X/o&, respectively. The solution of
the two equations yields the estimates

A A 2ad g

For each of the 4 data blocks, parameters were estimated for each of
the 3 families of distributions. Then in each of the 12 cases, a Chi-square
test of goodness-of-fit was taken. In each case, the test was taken using
7 cells, each cell having the same expected number of observations (namely,
50/7). Since in each case two unknown parameters were estimated, the appro-
priate degrees of freedom for the Chi-square test was 4(=7-2-1) in each
case.

Tables 6.5.2.2 through 6.5.2.4 give the estimated parameters and the
results of the Chi-square tests for the 12 cases considered. The second to
the last columns in each table give the values of the test statistic

2
X =

j=l J

where 0 and E denote the observed and expected number of observations,

respectively, in the jth cell. Then, using a table of percentage points of
the Chi-square distribution with 4 degrees of freedom, the approximate sig-
nificance level a is determined in each case. The significance level a
refers to the test of the null hypothesis of a "good fit," and is defined
here to mean the level of the test for which the computed X2 is the critical
value. As can be seen in the last column of each table, the a's are all low.
The interpretation of this is that in all 12 cases, the data does not fit the
distribution, since the null hypothesis is rejected at any "reasonable" test
level (e.g., a = .05).

The conclusion from the goodness-of-fit tests is that lifetimes of relays
tested at accelerated test conditions apparently do not have distributions
that can be approximated by the known families of distributions investigted.
Since the 3 families investi~ated are sufficiently "flexible," it is likely
that the actual relay lifetimes distributions are too irregular to be repre-
sented by any known parametric family.
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TABLE 6.5.2.2 ESTIMATED WEINLL PARAMETERS
AND RESULTS OF CHI-SJARE TESTS

Block Test Relay Q=ntity A 2 S
No. onditions Type Measured c a____ ________ ___ ____ _ __ ___Level

1 A B I.M. .46W W149. 15.52 .001
2 A B C.R. .40473 17966. 13.84 .005
3 A C I.M. .67590 3150.6 41.56 <.0001

4 A C C.R. .80501 24.465 19.44 .0005

TABLE 6.5.2.3 ESTIMATED LONORMAL PARAMETERS
AND RESULTS OF CHI-SQUARE TESTS

Block Test Relay LQtantity 2 SignificanceNo. IndtcsTyp Measured 2 Level o.

1 A B I.M. 9.3472 2.5982 13.56 .005

2 A B C.R. 8.4313 2.7463 11.88 .01

3 A C I.M. 7.3828 1.2263 18.32 .001

4 A C C.R. 7.24o8 1.1011 11.32 .01

TABLE 6.5.2.4 ESTIMATED GAMA PARAMETERS
AND RESULTS OF CHI-SWARE TESTS

Block Test !Relay Quantity A 2 Significance A
No. Conditions Type Measured a X Level a

1AB I.M. 8.289x10 .6426" 56.96 <.0001
2A B .R. 7.720x10 .39938 62.28 <.0001

3 A C I.M. 4.492xi 5  .0844 23.64 <.0001
4 A C C.R. 7.553x1o-5  .21925 70.96 <.0001

?A
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6.6 FAILED PAiRT AMALYSIS

Each failed relay was removed from its can and inspected under a 12x
binocular microscope to determine the failure modes and mechanisms. In
some cases, to better evaluate the condition of the contacts, higher magnifi-
cation was used.

The general failure modes observed were classified and defined as shown
in Figure 6.6.1. Each was assigned a code number to make the data handling
Problem easier. The results of the inspection are shown in Figures 6.6.2
through 6.6.5.

CODE NO. TENOLOGY
1. Material transfer from the contacts to the blade.

2. Material transfer from the blad' to the contacts.

3. Contacts welded to blade.

4. Deposits of vaporized material on header in contact
area.

5. Contacts show evidence of misalignment.

6. Very little contact wear.

7. Actuator bead cracked.

8. Movable contact has depression with raised perimeter
formed by adjacent contact. Contact surface appears
to have been molten.

9. Stationary contact has depression formed by movable
contact.

Figure 6.6.1 Failure Report: Code and Terminology

The equipment used for the Failure Part Analysis was a Binocular
Microscope, Wild, H-187268, M5-47799.
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CONSTRICTION I.M.
CODE RESISTANCE PRODUCTS
NO. TERMINOLOGY N.C. N.O. Noc. _N.O_

1 Material transfer from the 17 33 25 46
contacts to the blade.

2 Material transfer from the blade

to the contacts. 1 1

3 Contacts welded to blade. - 2 -

4 Deposits of vaporized material
on header in contact area. 23 42 24 41

5 Contacts show evidence of
misalignment. 39 30 25 12

6 Very little contact wear. 36 17 21 7

7 Actuator bead cracked. 1 - - -

8 Movable contact has depression
with raised perimeter formed by
adjacent contact. Contact surface
appears to have been molten. 10 31 15 18

9 Stationary contact has depression
formed by movable contact. ....

NOTE: Fifty (50) relays with Constiction Resistance measurements.
Fifty (50) relays with I*M. 1roducts measurements.

Figure 6.6.2 Failure Mode for Type B Relays
Accelerated Conditions
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CONSTRICTION I.M,

CODE RESISTANCE PRODUCTS
NO. TEIRMINOLOG N.C. N.O. N.C. N.O.

1 Material transfer from the

contacts to the blade. 9 10 10 10

2 Material transfer from the blade
to the contacts. 0 1 0 0

3 Contacts welded to blade. - -

4 Deposits of vaporized material
on header in contact area. 9 9 10 9

5 Contacts show evidence of
misalinment. 4 5 4 4

6 Very little contact wear. 4 4 3 2

7 Actuator bead cracked.

8 Movable contact has depression
with raised perimeter formed by
adjacent contan"t. Contact surface
appears to have been molten. 0 1 0 0

9 Stationary contact has depression
formed by movable contact. - - - -

NOTE: Ten (10) relays with Constriction Resistance measurements.
--- Ten (10) relays with I.M. Products measurements.

Figure 6.6.3 Failure Modes for Type B Relays
Normal Conditions
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CONSTRlICTION I'.
CODE RESISTANCE PRODUCTS
NO. TEMINOLGY N..C. O. N.C. NOOO

1 Material transfer from the
contacts to the blade. 7 10 20 22

2 Material transfer from the blade
to the contacts. 1 1

3 Contacts welded to blade. .-.

4 Deposits of vaporized material
on header in contact area. 19 23 15 12

5 Contacts show evidence of

misalignment. 14 12 12 10

6 Very little contact wear. 45 39 33 31

7 Actuator bead cracked. --

8 Movable contact has depression
with raised perimeter formed by
adjacent contact. Contact surface
appears to have been molten. 1 - -

9 Stationary contact has depression
formed by movable contact. 1 4 7

NOTE: Fifty (50) relays with Constriction Resistance measurements.
- Fifty (50) relays with I.M. Products measurements.

Figure 6.6.4 Failure Modes for Type C Relays I
Accelerated Conditions
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CORMI0'flON - .I* M'
COL RESISTA PRODUCTS
NO. TEMI4NOLOGY N9C. NoO. N.C. INO.

1 Material transfer from the I
contacts to the blade. 8 10 10 10

2 Material transfer from the blade
to the contacts. 0 0 0 0

3 Cortacts welded to blade. - - - -
- -- - -i]i i i ,mii

4 Ueposits of vaporized mterial
on header in contact area. 11 11 10 10

5 Contacts show evidence of
uisalignment. 4 0 2 2

6 Very little contact wear. 2 1 0 0

7 Actuator bead cracked. -- -

8 Yowble contact has depression
with raised perimeter formed by
adjacent contact. Contact surface
appears to bwve been molten. - - - -

9 Stationary contact has depression
formed b; movable cwtact. 9 7 8

NOTE: Eleven (11) relays with Constriction Resistance measurements.
Ten (10) relays with I.M. Products mesureients.

Figure 6.6.5 Failure Modes for Type C Relays
Normal Conditions.
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6.7 RELAY TEST DATA

This section presents all the relay test data used as input to the re-
gression analyses. With the data in this section and the description in

hi Section 6.5, the reader should be able to reproduce all the results of the
regression analyses presented in this report. The data is presented for 9
blocks of data:

1. Type B Relays, Accelerated Test Conditions with I.M. Products
Measurements.

2. Type B Relays, Accelerated Test Conditions with C.R. Measurements.

3. Type C Relays, Accelerated Test Conditions with I.M. Products
Measurements - Relays No. 1 through 15.

4. Type ' Relays, Accelerated Test Conditions ,ith I.M. Products
Measurements - Relays No. 16 through 50.

5. Type C Relays, Accelerated Test Conditions with C.R. Measurements.

V 6. Type B Relays, Normal Test Conditions with I.M. Products Measurements.

7. Type B Relays. Normal Test Conditions with C.R. Measurements.

8. Type C Relays, Normal Test Conditions with I.M. Products Measurement.

9. T pe C Relays, Normal Test Conditions with C.R. Measuremerts.

t
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6.7 RELAY TEST DATA

This section presents all the relay test data used as input to the re-
gression analyses. With the data in this section and the description in
Section 6.5, the reader should be able to reproduce all the results of the
regression analyses presented in this report. The data is presented for 9
blocks of data:

1. Type B Relays, Accelerated Test Conditions with I.M. Products
Measurements.

2. Type B Relays, Accelerated Test Conditions with C.R. Measurements.

3. Type C Relays, Accelerated Test Conditions with I.M. Products
Measurements - Relays No. I through 15.

4. Type ' Relays, Accelerated Test Conditions ';ith I.M. Products
Measurements - Relays No. 16 through 50.

5. Type C Relays, Accelerated Test Conditions with C.R. Measurements.

6. Type B Relays, Normal Test Conditions with I.M. Products Measurements.

7. Type B Relays, Normal Test Conditions with C.R. Measurements.

8. Type C Relays, Normal Test Conditions with I.M. Products Measurements.

9. Type C Relays, Normal Test Conditions with C.R. Measurements.
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6.7.1 TYPE B RELAYS, ACCELERATED TEST CONDITIONS WITH I.M. PRODUCTS
MEASUREKNTS

The data for the 50 Type B relays that received I.M. products measure-
ments under accelerated test conditions is given on the following 13 pages.
Accelerated conditions refer to a 6 amp. contact load, 25 0C temperature and
a 60 hz. actuation rate. I.M. product measurements (in my. units) are given
for both the normally closed (N.C.) contacts and normally open (N.O.) con-
tacts on each relay. The number of cycles at the first, second and third
miss of each contact is also given. The number of cycleE at which readings
were taken are indexed as follows.

1. 75 cycles 10. 225,000 cycles
2. 500 cycles 11. 240,000 cycles
3. 750 cycles 12. 350,000 cycles

4. 13,400 cycles 13. 475,000 cycles
5. 17,600 cycles 14. 500;000 cycles
6. 105,000 cycles 15. 585,000 cycles
7. 153,000 cycles 16. 635,000 cycles
8. 180,000 .ycles 17. 680,000 cycles
9. 210,000 cycles
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N.G. N.U. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.09 2.18 INITIAL 2.30 2.36
1 2.07 2.1b 1 2.32 2.38
2 2.08 2.28 2 2.31 2.50
3 2.09 2.26 3 2.32 2.49
4 ;.I0 2.28 4 2.35 2.50

2.12 2.30 - 2.37 2.50
6 2.12 2.28 6 2.41 2.50
'by 2.3u 7 2.35 2.52
8 ?.23 8 2.40
9 2.28 9 2.32
TL 2.33 NI0 2.3

11 2.30 11 2.3
12 12 2.41
13 12
14 14
15 15

16 2.l2b462322417 2.223572325

17 17

CYCLES 1 2 75890. 1 1 CY51655. 173669.AT . 9a078. 273909. AT 2* 451672. 173670.
14ISS 3o 135029o 295650o miss 3, ,4516739 173712o

Noce Neu* NoC. N *09
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.12 2.31 INITIAL 2*26 2.50
1 2.08 2*24 1 2.24 2.48
2 2U9 2930 2 2o25 2.51
3 2.08 2.28 3 2.25 2.50
4 2*18 2.30 4 2.28 2*52
5 2.19 235 5 2.29 2o59
6 2.22 2*34 6 2.32 2e4 9
? 2,12 2.35 ? 2.30 2.59
b 2.22 Z.38 8 Z.32 2.59

9 2.13 2.32 9 2.52
10 2.20 IV
I1 .1 it

?12 2.21 12
13 2o21 13

• 14 .114
t15 2o21 15

17 2.22 17 !
,CYCLES 1. 743165. 2o08Co3. CYCLES 1* 133743. 199-vi.
SATI 2.• 12949W- 21107 9. ATX 2. 199230. 210040. :

MI S 3. 1314282. 2112590 miss 3,, 199431. 210043. y



1.c. N.O. N.. N.o.
(YCLE NO. CON";TACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL ..51 2.#8 INITIAL k 2.20
1 0l 2.9 I k.42 2.22
2 2.47 2.46 2 2.*2 2.28
3 e_.48 2.',4 3 2.47 2o26
4 2.51 2.44 4 2.31
S2.49 5 2.26

b 2.49 6
7 2.50 1
8 2.51 8

2.45 9
10 2.50 10
11 2.43 11
12 12
1..) 13

1'. 14
15 15
lb 16

CYCLES 1. 67688. 199300. CYCLES 1. 108. 90452.
Al Z. 67689. 199301. AT 2o 608. 90453.
MISS 3. 61690. 216200. MISS 3. 998. 90454.

N.C. N.U. N.C. N.O.

CYCLE NC. CONTACT CONTACT CYCLE NO. LLUNTACT CONTACT
----- ------------- - -------------- ---- --- --

INITIAL 2.03 2.68 INITIAL 2.27 2.38
1 1.99 2.o6 1 2.24 2.31

2.uU 2.71 2 2.29 2.33
3 .2, 2-7! 3 1. 9 2.33
4 2.05 2.172 4 2.31 2.29
5 2.u9 2b61 5 e.31 2.22
6 2.02 2.71 6 2.24

2.03 2.72 7
6 2.04 2.17 8

2.04 9
10 .02 10
11 2.03 11
12 12
1-  13
1 ', 14

15
io 16

17 11
CYLLF S 1. 326979. 180039" CYCLES 1. 148869. 32548.
Al i. 326980. 2o34312. AT 2. 14888. 3254.

3. 326981. 2u4313. mISS 3. 148888o 32558.
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N.C. N.O. N... N.C.
CY;.LE ,O. CONTACT CONTALT CYLLE NO. CONWACT CONTACT

INITIAL 2.40 Z.37 INIIIAL 2.2U .b
1 2.40 2.32 1 2.18 2.58

z 2* 2.35 2 2.21 2.58
3 2.43 2.33 3 2.22 2.58
4 2.41 2.32 4 Z,24 2.46
5 5 2.59
6 6
7 7

V 8 8
K9 9

10 10
11 11
12 12

V 13 13
r14 14),,15 I5

16 16

151 17

CYCLES 1. 49478. 59367. CYCLES 1. 70858. 102171.
K AT 2. 49479. 59368. AT 2. 70859. 102172.

M1SS 3. 49480. 59369, mISS 3. 70860. 1021 "3.

N.C. N.O. N.C. N.O.
CYCL NO. CONTACT CONTACT LYCLE NO CONTA0, CU.[ALI
--------- ---- -------- - ---------- a------

INITIAL 2.18 2.19 INI71AL .1 2.31
1 2.19 2.21 2.12 2.28
2 2.19 2.21 2 2.16 2.32
3 2.22 2.23 3 2.17 2.33

2.23 4 2.17 2.36
5 2.32 5 k .ZZ .43
b 2.21 6 2.18 2.39
7 2.v8 7 2.21 2.40
8 2.29 8 2,24 2.42
9 9 2.23

10 10 2.20

]1 1I 2.19PI 12 12
13 13

14 14
15 15
16 1"6
17 17

CY .LES 1. 1022. 205903. CYCLES 1. 10512. 200826.

AT 6. 643. 205920. AT Z 271740. 200827.
MISS 3. 3334. 2U5921. miSS 3. 32159u. 200828.
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N.C. N.O. No(,. N.C,.
CYCLE o. CONTACT WONAGI %.YCLE NO. CONTACT CONTACT

INITIAL &. 49 2.47 INI I IAL 2.37 2.&19

1 2.48 2.47 1 2.37 2.14
2 2.'9 2.41 2 2.38 2.11
3 2.48 3 2..19
4 2.48 4 2.21
S 52.29
6 6 2.22
7 7 2.22
a a 2'.25
9 9 2.22

10 lu .Z*Z
11 11 2.25
12 iz 2.22

13 13
14 1'
15 15
'b 16

CYCLES 1. 329. 74029. CYLLS 1. 249. 423522.,.. AT 2. 330. 741030. AT 2. 250. 423523.
miss B. 331. T53u.. M I Ss 3. d"51. 423524.

NeC. N.O. No.co N.o.e

CYLLE ;aU. LONTACT CONTACT LYLLL NO. t-ONiACT CONIACI

INIIIAL 2.30 2.i4 INITIAL 4.4d 1.99
1 2.31 2.20 1 2.29 2.01
2 2.31 k.25 2 2.29 1.99
3 2.3U 2.28 32*ut
4 2.01
5 5 2.07
b 6 2.03
7 7 2.01
8 8 1.98
9 9

11 11
Ik i12
13 13
1'. 14
15 15
16 1b
17 17CY- LL-S le• 1057. 6252, uV t.LE S 1.• 14o. 14231.

AT 2. 1058. 6320. AT 2. 531. 200260.
MISS 3. 1059. 6321. MiSS 3. 712. zu0,8,i.
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N.C. N.0. N.C. N.0.
CYLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 1.86 1.76 INITIAL 2.58 2.73
1 1.87 1.82 1 2.58 2.74
2 1.81 2 2.62 2.76
3 1.80 3 2.61 2.72
4 1.80 4 2.61 2.77
5 182 .5

b 1.79 6
7 1.73 7
8 1.U2 8
9 1.82 9
10 1.83 10
11 1,86 11 . ..

12 12
13 13
14 14
15 15
16 16

CYCLES 1. 23k. 250651. CYCLES 1. 48562. 14080.

AT 2. 235. 25392k. AT 2. 48563. 14231.
MIS.S 3. .. 254. Z53925,*- MLS ...-. _ _ 1t550,

CYkiLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

.. IHITIA.~~ L- ..... . 1_5 ._ 2, _ . N.I TIA . .. L.-O..0 1 ....- 1,*97
1 2.52 2.46 1 2.02 1.98
2 2.53 2.46 2 2.02 1.94

4 2.56 2.46 4 2.02 1.98

5 2.52 2.46 5 2.04 1.97

7 2.54 2.48 7 2.10 1.99
8 2.55 2.47 8 2.09 1.96

__ .-. 4I... 2.4L..--- 9 _.2o .A89
1o 2.49 2.53 lu 2.08 1.98
11 2.60 2.'4 11 2.13

12 -12-
13 2.30 '13 2.09
14 2.50 14 2.10

16 lb 2.10
17 17 2.10..CYUti 1.,_ Q_8; 1__ 3 ... . L ,,_.L..... I 9 ... ~ 2...

AT 2. 26a069. 302989. AT 2. 798262.- 23D868.
mISS 3. 262070. 514192. miSS 3. 1383527. 237416.
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NoC. N.O. N.C. N.0.

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL Z.lb 2.30 INITIAL 2.42. 
1 2.12 2.27 1 2.41 2o37

2 2.15 2.30 2 2.39 2.42
3 2.18 2.29 3 2.40 .... c43

4 2.19 2.31 4 2,41 2.41

5 2.31 5 2.42 2.45

6 2.34 6 .. 2.41

7 2.32 7
6 2.33 b
9 9

10 10
11 11
12 12
13 13
14 14
15 5-15
16 16
17 17

V CYCLES 1. 6509. 1931 .18. CYCLES l. 985W.. 119508.
AT 2o 12019. 197719. AT 20 98570. 119509.
MISS 3. 13910. 197720. MISS 3. 98590. 119510.

N C . N O . N C . N .O .

CY6LE NO. CONTACT CONTACT LYCLE NO. CONTACT CONTACT

INITIAL 2.28 2.o7 INITIAL 2.54 2.32

1 2.30 2.68 1 2.50 2.37

2 2.31 2.70 2 2.52 2.34
3 2.32 2.71 3 2.53 2.31

4 4 2.52 2.33
5 5 2.54 2.34
6 6 2.54 2.34i ...-- -7. 2,o54 .2.3-7--__

8 8 2.55 2.39
9 9 2.56 2.40
10 10 2.53
11 11 2.61
12 12
13. 13
14 14
15 15
16 16 -
17 17

CYCLES 1. 2&8. ]249. CYCLES 1. 254360- 214109.
AT- 2 .6-(9. 1250. AT.- 2. 254379. 214659.
MISS 3. 2650. 1251. mISS 3. 254380. 214660.
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N1.. NoO. N.C. N.O.
CYLLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.U5 2.16 INITIAL 2.21 1.99
1 2.07 2.12 1 2.19 2.01
2 2.06 2.14 2 2.18 2.02
3 2.08 2.14 3 2.15 2.04
4 2.05 2.16 4 2.03
5 -.Z.07 5 2.05
6 2.09 6 2.06
7 2.12 7 2.09
8 b2.15 2.11
9 2.16 9 2.1210 2,11 10

11 .. .. 2.08 11
12 2.10 12
13 2.11 13;14 .. 2.13 1415 2.12 15

I 16 2.14 16
j17..15 17

CYCLES 1. -048707. 5222. CYCLES 1. 318- -1588.
AT 2. 9408. 68082. AT 2. 2610. 220329.
MiSS 3... 9.4709. 68083. Miss 3. 2959. 23U23 .

. .N.C. N.0. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.37 2.61 INITIAL 2.48 2.49
1 2.35 2.61 1 2.45 2.50
2 2.37 2.60 2 2.46 2.52

3-----..... 2.62 3 2.47 2.53
4 2.38 2.63 4 2.51
5 2.39 2.65 5 2.52
S... 2.40.. 2.68 6 2.53

7 2.66 7 2.53
8 2.69 8 2.54
9 2.70 9 2.56

10 lu 2.55

11 11 2.57
1Z 12 2.58
13 13 2.60
14 14
15 .. ... 15
16 16

17 17
CYCLES Io -6418. 6808. CYCLES 1. 1248. 3102470.
AT 2, 12013. 64809. AT 2o 1249. 273369.
MISS 3. 113559. 210820. MISS .3. 1250o 47616,.
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N.C. N.O. N.C. N.D.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACI

INITIAL-.. .. ...2.7 ..... 2.23 ...... -INITIAL 2. .... .Z64
1 2.05 2.24 1 2.29 2.65
2 2.06 2.21 2 2.30 2.67

-. ... 3.... ... ... ... 3.. . ... . .. . . 2 64
4 d.09 2.25 4 2.65
5 2.11 2.26 5

-., . . .2 0 .......- 2.24..... 6 -.

7 2.10 2.27 7
8 2-11 2.28 8
. . .. .... .. .. 2. 12 --. ....31_ . .. . . 9 _ . . . . .. .

10 2.14 2.30 10
11 2.15 2.30 11

13 13
14 14

16 16
17 17

.tYCLE& -.- 133190 -2. 212301.- CYCLES 1.o -.1k9. 55118.
AT 2. 298032. 27422. AT 2. 80 55-119
MISS 3. 298U51. 297423. MISS 3. 4105. 55569.

I: N.C. N.O. N.C° N.0.

CYCLEN D..... -CONTACT. . CONTALT . CYCL.N.-. CQLKTACT CONTACT

INITIAL 2.30 2.32 INITIAL 2.78 2.36
I ~ ~ -_- 222S .Z,,2a- -.... .. -... .. . . 9 .. .2a25 _

2 2.18 2.41 2 2.78 2.24
3 2.23 2.28 3 2.74 2.23

5 2.49 5 2.82
6 2.31 6 2.81

t 7 ~~~..5 .... ... .7 ..... ...... 2 h 1l . ..........

8 2.47 8 2.78
9 2.55 9 2.79

10 2,.=53- ..........1 10 ... ... 0,.79-. . . . ..

11 2.51 11 2.77
12 12 2.72.

14 14 2.76
15 15 2.76

_ - ,- -.--.---.- -.-. -, - . . .. ...... - 2 o_1 8 -

17 17 2.76
CYCLES 1. 5C, CYCLES 1. 426170. 629o.

Miss 3. 1151. 443660o. MISS 3. 1135535. 62902.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL Z.33 2.OU8 INITIAL 2.55 2.40
1 2.31 2.06 1. 2.5U 2.32
2 Z.31 2.01 2 2.32
3 2.31 2.03 3 2.33
4 2.03 4 2.34
5 2.11 5 2.41
6 2.13 6 2.42
7 7 2.45
8 8 2.47
9 9 2.46

10 10 2.47
[ 11 11 2.43

12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 970. 59150. CYCLES 1. 238. 54660.
AT 2e 971. 108159. AT 2. 239. 323997.
MISS 3. 972. 1081.bO. mISS 3. 240-w 33998.

N.C., .., ..N,..... NO
CYk.LE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.22 2.28 INITIAL 2,48 2.23
1 2.18 2.27 1 2.42 2.18
2 2.17 2.27 2 2.19
3 2,21 3 2.19
4 2.22 4 2o22
5 5 2.27
6 6 2.24
7 7 2.29
8 8 2.28
9 9 2.30
1 Ij 2.31
11 11 2.34
12 12
13 13
14 14

5- 15
16 16
17 17

CYCLES 1- 728. 54'ro. CYCLES 1. 64. 238054.
AT 2. 729- 6093. AT 2. 184. 257100.
MISS 3. 730. 60512. MiSS 3. 185. 257741.
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N.Co N.O. N.C. N.O.

CYCLE NO. CONTACT CONTACT CYCLE NO. COwTACT CONTACT

INITIAL 2.31 2.28 INITIAL 2.28 2.65
1 2.28 2.32 1 2.29 2.65
2 2.30 2.38 2 2.31 2.64
3 2.29 2.33 3 2.30 2.68
4 2,32 2.*40 4 2.34 2.71
5 2.33 2.39 5 2.34 2.72
6 6 2.35 2.74

7 7 2.36 2.74
8 8 2.35 2.74
9 9
10 10
11 11
12 12
13 1a
14 14
1!) 15
16 16

CYCLES 1. 8518. 85118. CYCLES 1. 18755:. 187556.
AT 2. 85119. 85119. AT 2. 187557. 187557.
miss 3. 8512u. 85120. MISS 3. 187558. 187558.

I, N.. N.U. N.C. N.0.
LYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.55 2.63 INITIAL 2.20 2.26
1 2.52 2.64 1 2.13 2.21
2 2.66 2 2.15 2.21
3 2.o5 3 2.lb 2.24
, 2.62 4 Z.16 2.23
5 2.63 5
6 6
7 7
8 8
9 9
1U 10
11 11
12 12
13 13
14 1*
15 15
16 16
17 17

CYCLES 1. k,8. 85570. CYCLES 1. 51808. 23488.
AT 2. ).29. 857'M. AT 2o 51809. 234i89.
MISS 3. 430. S6520. MISS 3o 51810. 23490.
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7 -Nw

NoC. N.O. N.Co N 0.0
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.03 1.75 INITIAL 2*4k 2.39
1 2.00 1,,80 1 2o4U 2.43
2 2.03 1.76 2 2.43 2.35
3 2.00 1.77 3 2.40 2.41
4 1.79 4 2.42 2.41
5 1.79 5 2.4b 2.45
6 1.82 6 k.46 2.43
7 1.83 7 2.49 2.46
8 1.81 8 2.49 2.49
9 1.85 9 2.49 2.48

10 1.83 1.0 2.45 2.48
11 1.86 11 2.48
12 12 2.48
13 13
14 14
15 15
16 16
17. 17

CYCLES 1. 130. 271811. CYCLES 1. 363474. 235489.I AT 2. 780. 275659. AT 2. 363510. 235507.
MISS $- 801. 275678. MISS 3. 33920. 235506.

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.18 2.21 INITIAL 2.44 1.84
1 z .16 2.21 1 2.43 1.92
2 2.22 2.21 2 2.48 1.92
3 2.18 2.23 3 2.45 1.95
4 2.2U 2.27 4 1.93
5 2.21 5 1.97
6 2,21 6 1.97
7 1 1.95
8 8 1.97
9 9

10 10
11 11

12 12
13 13
14 14
15 15
16 1.6
17 17

CYCLES 1. 11148. 63119. CYCLES 1. 4950. 158123.
AT 2. 11230. 63137. AT 2. 5395. 2X7628.
MiSS 3. 135608. 63136& MISS 3. 5798, 208235.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.o40 2-(J INITIAL 2.12- 2*27

1 2.37 2.15 1 2.18 2.22
2 2.42 2.08 2 2.25
3 2.08 3 R02*
4 2.09 4 2.20

2.09 5 2.30
6 2.09 b 2.32
7 2.11 7 2.32
8 2.12 8 2.30
9 9 2.27

10 10
11 11
12 . 12
13 13
14 14
15 15
16 16
17 17

CYCLEL 1. 701. 20o)i28. CYCLES 1. 4I9. 219231.
AT 2. 702. 2D14f29. AT 2. 243. 219893.
MISS 3. 703. 201430. MISS 3. 244. 221050.

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CUNTACT LONTACT

INITIAL 2.50 2.35 INITIAL 2.52 2.19
1 2.48 2.32 1 2.49 2.25
2 2.48 2.36 2 2.49 2.25
3 2.61 2.35 3 2.51 2.26
4 2.33 4 2.48 2.31
5 2.37 5 2.6 2.34
6 2.37 6 2.57 2.32
7 2.32 7 2.61 2.34
8 2.33 8 2.61 2.32
9 2.28 9 2.63 2.32
10 2.32 10 2.61 2.32
11 2.31 11 2.61 2.30
12 12 2.59
13 13 2.59
14 14 2.56
1 15 2.59
lb.. 16 2,59
17 17 2.59

CYCLES 1. 1716. 281987. CYCLES 1. 587010. 261669.
AT- -... 2-.7... 17.. -.28a98& -. AT-- 2. --787571. 281 .
MISS 3. 1718. 282004. MiSS 3. 787572. 331493.
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N.C. N.Oo N.C. N.0 
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.58 2.43 INITIAL 2.05 2*33
1 2.59 2.40 1 2.02 2.35
2 .58 2.42 2 . 2,05 2 2 33..-
3 2c61 2.43 3 2.06 2.37
4 2.4, 4 2.01 2.34
.5 -.. ......... . .. 2-0 9 a_4
6 2.50 6 2.08 2.38
7 2.52 7 2.11 2.40
8 .. . . 241 .

9 2.48 9 2.09
10 2.50 10 2.05
11 ..... . ...... ... 2o45_
12 12
13 13

15 15
16 1617 .. . . .. .. . .. . . .17

CYCLES 1. 1004. 281976. CYCLES 1* 2343. 191125.
AT 20 1005. 28i0q. AT 2. 233080. 191305.

5,5

€H

=-I



. 7 -- -

6.7.2 TYPE B RELAYS, AWEIERATED TEST CONDITIONS WITH C.R. NEASUREMENTS

The data from the 50 relays which were tested at accelerated conditions
with CoR. measurements is presented on the next 13 pages. The C.R. measure-
ments are given in stps. The codes 1-17 refer to the same numbers of test
cycles given in Subsection 6.7.1.
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N.C. 400O. N. C, N.O.

CYCLE.No. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 7.6 8.8 INITIAL 6.8 4.8
_ 79°0_ 79.8 1 134.1) 231.0

2 22.2 2 83.8 81.8
3 84e0 3 5398 34.0

.4 11.8 .4 37.2
5 142.0 5 57.3
6 6 260.0
7 7 150O
9 8 181.0
9 9 177.0

10 80 1810L ,l _ .. ............ .......... 10 180.0
11 11 188.o

I, 12 12

. 3 ...... . .. 13
14 14
15 15

% 16 116 ...........................................16 .

.17 17
CYCLES 1. 55. .99819. CYCLES 1 8000. 10353.
A.T . . 2t- .... .. AT 2. 84 9. 430180 .
MISS 3. 454. 102721. MISS 3. 9051. 430796.

N.C. N.O. NoC. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT -CONTACT

INITIAL 4.1 3.0 INITIAL 3.8 8.6
1 81.0 183.o 1 4.0 81.4
2 .. .. J . ... 2 79.o9
3 82.3 148.0 3 63.'
4 167,.0 267.0 4
5 340. o 5 ..
6 340.0 6
7 340.0 7
_ 340.0 . . . . 8
9

10 10

12 12
13 13

15 15
16 16
17 __

CYCLES 1. 193980. 9910o CYCLES 1. 1229. 381.
AT 2. 193981. J991. AT 2o 1230. 382.

MISS 3. 193982. 49912. fI S S 3. 1231. 383.

. V.
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N.C. N.0. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 5.9 8.5 - INITIAL 2.0 337.0
1 64.4 11.0 1 32.8
2 115.0 187.0 2 .253.0.
3 82.2 170.0 3 33.8.O
4 22,9 82.5 4 338.0
5 _2_ ._ __ .,_. .. . .._5 .. . . .. . .3 38, 0
6 227.0 263.0 6 320.0
7 212.0 330,0 7 35.9
8 172.0 172.0 8- 151.0
9 168.0 242.0 9 251.0

10 231.0 10 338.0
11 278.0 ---- 11l 338.0
12 178.0 12
13 13
14 ___1

15 15
16 16
17 17

CYCLES 0YCLES 13 15. 337577.
AT 2. 373003. 2D2773. AT 2. 78. 337578.
MISS 3. 373291. 212933. Miss 3. 79 . 339424.

_ _N.C. N.. NOC, NO,
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 333.0 51e9 INITIAL 333.0 28o4
1 337.0 8395 1 28.0 80.9
2 245.0 84.2 2 23.0 48.0
3 262.0 181.0 3 26*1 64.0
4 45.7 116.0 4
5 46.2 248.0 5
6 196.0 177.0 6... ...
7 261.0 180.7
8 339.0 8
9 22.2 9

10 321.0 10
11 338.0 11
12 83.8 12
13 338.0 13
14 66.9 14
15 11.8 15
16 12.0 16
17 2209 17

CYCLES 1. 736575. 801o. CYCLES 1. 154._
AT 2. MW 179720. AT 2. 1255. 10850.
MISS 3. 1405211. 179721. MISS 3. 1274. 10851.
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N.Co N°O. N.C. NOo
CYCLE NO. CON.TACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 262.0 251.0 INITIAL 292.0 83.1
145.1 29000 - .-- _1_ 73.*2 8.

2 34.2 2 35.9 82.4
3 12.3 3 17.8 83.1
4 20.0 4
5 35.6 5
6 45.8 6
7 37.1 7

.. . .. .. . . .... . . 53 ,0 89 333.0 9

10 .o..333.0 10
11 232.0 ii
12 12

. .13 13
14 14
15 15
J ....... 6 _ _16_ -

17 17
CYCLES I. 176. 339589. CYCLES 1,' 1001. 1.08.
AT 20 _ .3.95,. AT 2. 1002, 1.

MISS 3. 178. 339591, MISS 3. 1003o 11090.

N.C. N.C. NoC. N*O,
CYCLE NO. CO.NTACT CONTACT CYCLE NO, CONTACT CONTA\CT

INITIAL 312.0 152.0 INITIAL 186.0 140.0
1 43.2 24090 1 84-1 183.0
2 66.4 61.5 2 55*2 156.0
.3 43o2 70*0 3 48o8 84*2
4 12.0 4 84.2

55 22.1

6 6
7 7
88

9 9
10 10

12 12

13 '13
14 14
15 15 416 16
17 17

CYCLES 1. ,, . 928-.- LES .. 512. ...
AT 2. •838. 92829. AT 2. %i142. 88080.

kMISS . 893v 92830, MISS 3. 5514, 90795.
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N.C. NOs N.C* N*O*
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL -839 . .7.O INITIAL 289.0 162.0
1 43.9 63.4 1 222o0
2 35.1 22.2 2 ... 84.0
3 44.0 21.7 3 47.6
4 4.9 4 13.5
5 5
6 6
7 7
8 8

9 9
10 10

12 12
1 t3 13
14 14
15
16 16

_ 17 17
CYCLES 1. 13-8. .... OyO CYCS 1. 2. . " 26.
AT 2. 37. 51733. AT 2.
MISS 3. 1380. 54750. MISS 3. 37,, 42Z17.

NC, N.O NC-o NO.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONfACT

INITIAL 340.0 240.0 INITIAL 11.7 150.0
F 64.0 77.1 1 84.2 220.0
2 58.7 142.0 2 198.0
3 41.3 83.5 3 209.0

60o2 4 168.0
5 13.1 5 219.0
6 22o3 6 -- 84.5
7 4.4 7 238.0
B 22.2 8 t40.0
9 11.2 9 - 84.1

10 . 1.3 10 229.0
II 84.2 11
12 34. --- 1.2
13 59o5 13
14 14
15 15
16 16
17 17

CYCLES 1,, 153_- -..91 CYCLES.1. I, 9739.
AT 2. l1%. 3159W. A1 2 113. 191439.
MISS 3. 085. 48"134. MISS 3. 162. 234828.
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IN. C. N.O. N.C. N.O.
CYCLE NO. CONTACT. CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 331.0 243,0 INITIAL 332.0 43.0
t 274,0 338.0 1 3320 147.0
2 69.1 200.0 2 79.5 83.9

3 37.0 261.0 3 84.0 84,0...4_.. .. . 3 8... 70., .7 . .. . . .4 8*7Y
5 41.6 206o0 5

6 64.3 233.0 6
7 22.7 333.0 7
8 20"., 84.0 8
9 77.? 9

10 10
11 11
12 12
13 13
14 14
15 15
16 .. 16
YLS 17

CY LES le 218120. 193789. CYCLES I 2130. 57201.
AT 2. 218121.. 202503,. AT 2. 2131. 57768.
4ISS 3. 210122o 202502. MISS 3. 2132. 60E73.

N.C N.0. NeC N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

i NIIA 30.3 88,0INITIA L 1500 160*0
1 83.9 235.0 1 69.9 208.0
2 22.9 148.0 2 49.8 195.0

3 23.0 216.0 3 36.7 83.5

4 44.8 4 14.8
5 5 22.8
6 6 152.0
7 7 233.08 .8 L48*0
9 9 152.0

10 10 172.0
11 it 23.5

i2 .. 36.5
13 13

14 1415 15
16 .16
17 17

CYCLES 1. " 3121. CYCLES 1. 4688. 366T14.
, AT 2. 4748. 31325. AT 2. 4689. 366733.

MISS 3o 4749,. 31326o . MiSS 3. 4690. 366734.
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NC, N.O. N.C, NO.
CYCLE NO, CONTACT LJNTACT CYCLE NO, CONTACT CONTACT

INITIAL 2230 2-16.'0 INITIAL 161.0O 213.0
1 180.0 49.3 1 1460 337.0
2 ....... 4.8.0 62.5 2 _. 36.9 295.0
3 59.8 79.0 3 189.0 31.3
4 12.5 4 147.0 337.0
5 .. .5 i7O.0
6 6 209.0
7 7 22018 __ B

9 9
10 10
11 11 -

12 12
S13 13

14 1
15 15
16 16
17 17

CYCLES 1• 719. 1165. CYCLES 1* 165654. 17123.
AT 2o 2696. 1)1655. AT 2. 165655. 24188

L MISS 3. 4853o 14674o MISS 3. 165656. 24189o

CYCE... .N.Ce_ N.O. N.C. N.O°

CYCCE No CONTACT CONTACT C'YCLE NO. COTACT CON'TACT
INITIAL .... 331.0 216.0 INITIAL 330,0 836

1 331.0 78.1 1 330.0 14490
2 73.5 Z 330.0 106.0
3 8 3. 3 _ 30*_______83__ 3 -3 330.0 8_..... 3.7

4 4 69.7 148.0
5 5 29.7 69.2
6 6 20.0 __

7 . _ __0
8 8
9 9

10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1 412. 2183. CYCLES 1. 85.508. wi.
AT 2. V3.- 2184., AT 2. 129531.
MISS 3. 449. 2185. MISS 3. i29559. 92073.
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NsC, N.O* N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 15.3 327.0 INITIAL 337.0 142.0
1 L6.2 260.0 1 . 338.0 145.0
2 83.5 200.0 2 209.0
3 328.0 140.0 3 178.0
4 22.8 76.9 4 1581 0

55 130*0

6 6 64.5
7 7
8 8
9 9
10 10

12 12

13 . .. .... .. .3 . .

15 15

16 16
17 17

CYCLES 1, 71026. 67677. CYCLES 1. 103. 150149.
AT 2. h2- . A7_7. AT 2. 159. 150150.I
mISS- 3. 71028. 67698. ftSS 3. 214o 150151.

N*C. No., N*C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 340.0 84.1 INITIAL 333.0 84.0
1 59.2 60.0 70o9 71.6
2 -58.8 23.9. 2 _ _ 13.7 55.6
3 51.1 35.2 3 16.8 84.07.8 4 18.4

5 ... ... .5 ... 147 0

6 6 138.0
7 7 54.7
8 8
9 9

10 1 0_

12 12
13 13

14 _____1415 15
16 16

17 17 .... ..
CYCLES lo 2215. 32588. CYCLES 1, 1100. 1753-.
AT 2. 2360. 32589. AT 2. 1124. 1758Wo.
miss as 2361o 32590. mISS 3o 1280o 175950,
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N.C. NO. N.C. NoO,

CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT
------- --- -- -- --------- -

INITIAL 24.0 232.0 INITIAL 200.0 55.0
1 51.8 202.0 1 30.0
2 56.9 148.0 2 44ol
3 58.0 159.0 3 54.1

83.8 194.0 4 37.8
5 5- .. 36,0.
6 6 22.2
7 7 11.3
8 8_
9 9 59s7

10 10 22.7
L1 11- 84.2
12 12
13 13
14 14
15 1
16 16
17 17

C CCLES 1. 62D30. 32101. CYCLES 1. 58. 149110.
AT 2. 62031. 32102. AT 2. 59. 1609415.
MISS 3w 6250. 32103s MISS 3. 60. 249752,.

NC, NoO, NC, NO,
CYCLE NO* CONTACT CONTACT CYCLE NO. CONTAC'T CONTACT

INITIAL 339.0 206.0 INITIAL 261.0 137.0
1 66.8 193.0 1 181.0 188.0
2 84.0 2 292,0 212.0
3 146.0 3 200.0 190.0
4 4 26''.0 249.0
5 5 310.0 243.0
6 6 270.0 220.0
7 7 ~308.0
8 8
9 9

11o 11 . .... .. .

12 12..

13 13
14 14
15 15

16 16
17 17

CYCLES lo 39. .760. CYCLES__ lo 1.__.3%- -__- 9,
AT 2. 80. 10761. AT 2. 167380. 14979D.
MISS 3o 419. 10778, MISS 3. 167423. 149791.
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N.C. NO N.C. N*O.
CYCLE NO* CONTACT CONTAC'T .. CYCLE NO* CONTACT CONTACT

INITIAL 332.0 199.0 INITIAL 286.0 139.0
1 268.0 100.0 1 149.0 99.0
2 53.5 164.0 2 74.3 140.0
3 51.5 1480. 3 56.9 200.0
4 50. 138.0 4 44 8 177.0
5 84.1 5 140.0 185.0
6 264.0 6 151.0 211.0
7 271.0 7 175.0
8 0 8 194.0
9 73,0 9 202.0

10 338.0 00 198.0
11 169.0 11 16.-0
12 152.0 12 200.0
13 13 20o.00
14 14
15 15
16 16
1'7 17

CYCLES 1e 29D635. "6743. CYCLES 1o 136149. 30463..1
AT 2. 57 &JI4 AT 2.
MISS . 447880. 46745. MiSS 3. I 361 . 5

NC, N.O, N.C, NO,

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 247.0 240.0 INIT 338......216.0
1 77.6 148.0 1 82.0 51.1
2 34 1 . .... 2 . 51.3
3 74.0 188.0 3 83.6
4 23,2 4
5___ .34.5 5
6 14390 6
7 190°0 7
8 .218. e ... _8
9 140,0 9

10 152.0 10

I 144.0 1I
12 205*0 -42
13 13

14 15
15 15
16 16

CYCLES 1. 9. CYCLES 1. 151. 6679.
AT 2. 1981. 39414. AT 2. 167. 6680.
MISS 3. 1999. 394280. MISS .3. 168. 6699o
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N.C. NoO. N.C. N*O.
CYCLE NO. CONTACT CONTACT CYCLE NO, CONTACT CONTACT

INITIAL 338.0 209.0 INITIAL 334.0 202.0
1 232.0 271o0 1 71.7 84.0
2 37.4 211.0 2 79.3
3 21.0 216.0 3 83.9
4 30.0 150.0 4 16.1
5 84.1 161.0 5 20.0
6 338.0 260.0 6 57.4
7 325.0 284.0 7 53.8
8 338.0 211.0 8 . 32_.3
9 33990 9 24.0

10 339.0 10 55*8
11 30490 11 _ 81.2
12 156.0 12 225.0
13 13
_4 14
15 15
16 16
17 17

, CYCLES 1.'"405-75--0CLSZ ..... 'Z PP.
AT 2,o 293Mk. 199399. - 2. 275 438290.

Smiss 3o 401926o 199419o miss 3o 276o 4382910

NoCo NoOo Noce N*O*

CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 330.0 15800 INITIAL 328.0 206.0
1 330.0 148.0 1 72.5 148.0
2 141.0 149.0 2 70o6 6790
3 83.8 181.0 3 125.0 79.8
4 34.9 71.3 4 34#2
5 84.0 173.0 5 1493
6 210.0 6 50.2
7 7 138o0
8 8 307.0
9 9 280.0

10 10 2110.
11 11 212.0
12 12 227.G
13 13 296.0
14 14 209.0
15 15
16 16
15 _4 16
17 17

-CYCLES l. ffm . CYCLES ,.
AT 2. 9729. 113953. AT 2. k
MISS 3e 97210. 113988 MISS 3. 1598. 562685.
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I,

i.

N.C, N.O, NeCe NoOe
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 198.0 336.0 INITIAL 267.0 145.0
1 7.o_ .. 284.o . 1 . 240,Q . 262.0
2 54.3 175.0 2 84.0 124.0
3 338.0 3 35.6 127.0
4 13.1 4 327.0 61.9
5 2200 5 34.4 140.0
6 18.0 6 209.0 169.0
7 __ 393 7 209.0
8 147.0 8 3700
9 9 338.0

10 10
11 11
12 12
13 _...13...
14 14
15 15
16 1

17 17
CYCLES 1. i44,. 180047. CYCLES 1. 226859. liW4k..
AT _.-.... . .. AT 2. .26. 4f2.
MISS 3o 569. 180049. MiSS 3. 226880o 148743.

N.C, N.O. N.C. N.O.
CYCLE NO* CONTACT CONTACT CYCLE NO. CONTACT CONTACT

ITIAL 299.0 188.0 o"NITAL 330.0 14500
1 175.0 150.0 1 1470 83.5
2 54.1 84.0 2 83.6 74.4
3 37.8 148.0 3 100.0 132.0
4 36.0 4 55.9 63.1
5 275.0 . 5 84.0 190.0
6 228.0 6 1000 150.0
7 227.0 7 309.0 -220.0
8 177.0 8 336.0 264.0
9 193.0 9 209.0
10 10

12 12
13 13

14 14
15 15
16 16
_7 17

CYCLES . 6. . CYCLES i. O. 78,
AT 2 * 632. 21W3M6. AT 2. 21039V. W70862.
MISS 3. 6325. 211478. miss 3. 210291o 207863. _
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N.C. NO, N.C* NoOo
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 328.0 y3. INITIAL 339.0 226,0
1 68.7 54.1 1 79.2 208.0
2 81.2 216,0
3 70,0 3 142.0
4 10.7 4 311.0
5 21.0 5
6 21.6 6
7 2490 7

..... e ..~~ ~~~.........................84 8....... _s_
9 83.5 9
10 68.8 10

12 1213 13

15 15
16 16.V7 .... .... 17

CYCLES 1. 19. -22828. CYCLES 1 11. 60701.
AT 2. 19. 2-r829. AT 2. 119. 60708.
MMS _ A98. 227830 .. MIS_S _ .. ,. ........ _ 60720.

CYCL ..O N.. N.0_. N.C. N:O.
CY O CONTACT COTACT -- CYCLE NO. CONTACT CONTACT

INITIAL 338.. .15...... .INITIAL 294.0 219.0

1 338.0 231.0 1 84.0 178.0
2 338,0 213.0 2 100.0 83.9
3 75,0 166oQ 3 . 7.9.l _ 102.0
4 84.0 64.9 4 34.9 6208
5 193.0 147.0 5 302.0 200.0
.46.1 146, 0 .. -. 6 84.0 213.0
7 338.0 7 280.0 265.0
8 338.0 8 322.0 200.0
9 84.0 9 16.6

10 10 248.0
11 11 232.o
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES o 249 CY __3SP17, 5137.
AT 2. 22h918. 1 . AT 20. 32D... -5138.
MiSS 3. 224919. 13881.o MISS 3. 336175. 205139.
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NeC. N*3* NsCo N9O
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 230.0 200sO INITIAL 328.0 208.0
1 65.3 187.0 1 193.0 143.0
2 51.8 83.8 2 62.8 148.0
3 50.0 248.0 3 70.0 139.0
4 16.0 4 38.7 16.2
5 21.8 5 230.0 68.9
6 63.1 6 1480 218.0
7 218.0 7 328.0 189.0
8 8 273.0 198.0
9 9 70.3 187.0
10 10 6791 152.0
11 11 84,0 212.0
12 12 202.013. 13

14 14
15 15
16 16
17t 17

CYCLES 1o 14098. 17965T. CYCLES 1. 384.727. 180848.AT 2. 4_99. 179658. AT , . 384728. R571' 5.
MISS 3. 4118. 179659. MISS 3o 384729. 337289.
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6.7.3 TYn C FlWAYS, ACCAEZD TOT C0NDTIOIE WITH I.M. PROWC0
MKUDUK1a - M~AYS NO. 1 TERO= 15.

The data from the first 15 rlays which were tested at accelerated
conditions with I.M. products aeasured is given in the next 4 paes. The
codes 1-17 refer to the sae number of test cycles given in Subsection
6.7.1.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTALT CONTACT

INITIAL -.2082 2.92. INI.IAL.......201 .2.97
1 2o33 2.95 1 2.64 3.00
2 2.88 2 2.80 2e95
3.. ... 2.93 3 .. 2o68 .. 30
4 3.03 4
5 5

.6
7 7
8 8
9 9..9

10 10
11

- 12-- .... .... ... . . -... ... 12

13 13

14 14 I
.5. 15. _.
16 16
17 17

.YCL.ES. Ih ...290. 12314. CYCLES 1. . 128. . 831.
AT 2. 329. 13501. AT 20 121i0. 832.
MISS 3. 402. 13502. mISS 3. 1280. 833o

N.C. N.O° NoCe NO..
CYCLE .UO. . CONITACT . CONTACT. QYLIE NO, CONTACT CONTACT

INITIAL 2.71 2o84 INITIAL 2.70 3.01

1 .. ..2088 .... 2...1 &..202-.
2 2 948 2 2*70 295
3 Z39 3 2°48

.4-.
5 5
6 6

8 8
9 9

. 10 .. . .. .. . O
11 11

12 12
.13 .. -..... .- .13
14 14
15 15
lb.. 16

17 17
CYCLES 1. 2666. 238. CYCLES 1. 10630. 516.
AT.....2..... -2667.......2.9.... AT __ 2. - ..,6, . -.... 517.
MISS 3. 2668. 259. MISS 3. 10699. 518.
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N.C. N.O. N.C. N.O.
CYLLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.52 3.01 INITIAL 2.79 Zo4b
1 2.74 2090 1 2.71 2.44
2 2.67 2.85 2 2.43
3 2.62 3 2.44,
4 4
5 5
b 6
7 7
8 8
9 9

10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 3690. 518. CYCLES 1. 152. 951.
AT 2. 3691. 537. AT 2o 330. 1003.
MISS 3. 36929 538. MISS 39 443e 1004o

NoC, NO NC* N.O,
CYCLE NO* CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 2.92 3.00 INITIAL 2.71 2.72
1 2.74 2.93 1 2.45 2.69
2 2.87 2.91 2 2.68
3 2.87 2.93 3
4 4
5 5
6 6
7 7
8 8
9 9
10 1011 11

12 12
13 13
14 14

16 16
0T 17CYGLES 1. 518. 9.. CYCLES 1 42. 571.

AT 2. 519. 1981. AT 2e 443- r2
miss 3o 771. 2010. MISS 3 , 489.573.
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N.C. N.O. NeC. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2:76 2:74 INITIAL 2.48 2.73
I 2.79 2.T0 1 2.31 2.85
2 2.80 2.79 2 2.39 2.82
.. - 2.78 2.65 3 2s80
4 2.86 2.68 4
5 2.82 5
6 6
7 7
8 8
9 9

10 10
11 11
12 12
13 13
14 14
15 15
16 16
17. 17 i

CYCLES 1. -.103073. 31781. CYCLES 1e 518. 1023.
AT 2. 1030741. 51331. AT 2. 519. 2214.
MISS 3. 103075. 51380. MISS 3. 734. 3089.

N.C. N.O. N.C. N.O.
_C.YCLE NO...... C.It.TACT. CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.96 2.91 INITIAL 2.63 2.77
-.1. .... 308 .... Z82 1 2.76 2.84
2 3.01 2.93 2 2.73 2.82
3 3.01 2.99 3 2.83

4
5 5
6 6

-------- -.. ... .. . .. . 7
8 8
9 9

• .-.10 . .. . .. 10
11 11

12 12
13 ...... 13

15 15
__..616

17 17
CYCLES to 1037. 1691. CYCLES lo 72 V.2.

1635. AT 2o 724. 1005.
MISS 3. 1039. 1851. MISS 3. 742. 2155.
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N-C- NO. N-C- N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.78 2,.44 INITIAL 2.50 2.71
1 2.82 2.53 1 2.44 2.79
2 2.60 2.,52 2 2.59 2.79
3 2.28 2.50 3 2.61 Z*77
4 2.63 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 2748. 31412. CYCLES 1. 1058, 633.
AT 2. 29 13. AT 2. 169. 634.
"ISs 3. 298). 13-565o MISS 3, 1169v 784.

N.C. N,.
CYCLE NO. CONTACT CONTACT

INITIAL 2.74 2,62
1 2.63 2.60
2 2.71 2,eO
3 2.69 ... 2-59
4 2.*84
5
6
7

9
10
11
.12...
13
14

1b
17

CYCLEf....,......i2.51, .. 35%.,
AT 2. 5430. 32T.
miSS 3. 11924. 32743.
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6.7.4 TPCZ c REAYB, ACCuEm D TBT CONDITIORS WITH I.M. PROUJCT
* - UZAS N0. 16 =M0CX 50.

The data from the last 35 relays tested at accelerated conditions with
I.M. products measured is given in the next 9 pages. I.M. product readings
were taken at more frequent intervals on this j than on the first 15
relays, because the relays failed more qWickly than they were expected to
fail. The codes 1-17 refer here to the following number of tet cycles:

1. 350 cycles 10. 1,600 cycles
2. 380 cycles 11. 2,100 cycles
3. 1430 cycles 12. 3,700 cycles
4. 490 cycles 13. 9,600 cycles
5. 56 cycles 14. 19,000 cycles
6. 720 cycles 15. 35,000 cycles
7. 960 cycles 16. 88,000 cycles
8. 1150 cycles 17. 107,000 cycles
9. 1,350 cycles

1
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.57 2.23 INITIAL 2.7? 2.82
1 2.57 2.13 1 2.71 2.75
2 2.58 2.19 2 2.74 2.79
3 2.50 2.15 3 2.68 2.73
4 2.50 2.14 4 2.64 2.75
5 2.49 2.13 5 2;62 2.77
6 2.11 b 2.62 2.77
7 2.21 7 2.61 2.75
8 2.15 8 2.76 2.78
9 2.15 9 2.71 2.80
10 2.13 10 2.76 2.81
11 2.19 11 2.72 2.81
1z 2.21 12 2.72 2.85
13 2.23 13
14 2.30 14
15 2.35 15
16 16
17 17

CYCLES 1. 112. 113760. CYCLES 1. 3729. 3757.
AT 20 131. 43761. AT 2. 3730. 3758.
MiSS 3. 960. 43762. MiSS 3. 3731. 3759.

N.C. N.O. N.C. N.O.
LYLLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.46 2.81 INITIAL 2.57 2.76
1 2.38 2.71 1 2.52 2.52
2 2, 1 2.72 2 2.41 2.65
3 2.24 2.65 3 2.48 2961
4 2.23 2.63 4 2.47 2.55
5 2.22 2.60 5 2.47 2.52
6 2.32 6 2.52 2.58
7 2.33 7 2.45
8 2.33 8 2.70
9 2.21 9 2.41

Io 2.45 10 2.4
11 2.42 11
12 2.43 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1o 3729. 563. CYCLES 1. 197'i. 772.
AT 2. 3730. 5&. AT 2. 1975. 790.
MISS 30 3731. 615. MiSs 3. 1991. 791.
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NoC. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.53 2.71 INITIAL 2.79 2.76
] 2.52 2.61 1 2.69 2.71

2.52 2.62 2 2.75 2.74
3 2.47 2.61 3 2.59 2.71
4 2.54 2.63 4 2.67 2.71
5 2.56 2.65 5 2.70 2.71
6 2.59 2.62 6 2.80 2.74
7 2.58 2.67 7 2.68 2.72
8 2.61 8 2.48 2.69
9 2.61 9 2.68
10 2.64 10 2.68
11 2.60 11
12 2.67 12
13 2.69 13
14 14
15 15
16 16
17 17

CYCLES 1. 1003. 8639. CYCLES 1. 1177. 1968.
AT 2. 1019. 9709. AT 2. 1178. 1969.
MISS 3o. 1020. 9710. MISS 3. 1179. 1970.

N.C. N.O. N.C. N.o.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT 'CONTACT

INLTIAL.... --.49. 257 INITIAL 2.72 2.92
1 2.45 2.05U 1 2.50 2.91
2 2o39 2.58 2 259 2.91

.....9. .Z. _.. 2. 9 3 2,55 .?
4 .2o46 2.40 4 2o56 2o83
5 2.50 2.36 5 2o57 2.83

.. 6.2......2. .2 53 6 2.46 2.86
7 2.45 2.58 7 2.88
8 2o43 8 2.91

_. 2.42 . . 9 2.82
10 2.63 10 2.84
11 2.57 11

- -. .12
13 13
14 14

16 .16
17 17

AT 2. 59. 2322. AT 2. 749. 1905.
MiSS 3. 970. 2323. MISS '3. 750. 1906.
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NeC. N.O. N*C, NeO.
CYCLE NO* CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL -2.52. ... 2..79 INITIAL 2.67 2o73
1 2.48 2.79 1 2.59 2.60
2 2.50 2.77 2 2.58 2.66
3-.... -2-.38 .2.11 3 2.39 2.57
4 2.40 2.76 4 2.35 2.58
5 2.43 2.75 5 2.28 2.59
6 2.48. 2.81 6 2.45 2.62
7 2.48 2.73 7 2.61
8 2.32 2.72 8 2.57

-9 -. -2.32 2.68 9 261
10 2o49 2.87 10 2,63
11 2.49 2.87 11 2.64
12 .. 12

13 13
14 14
15 15
16 16
17 17

CYCLES .1. -.1.639. 2323. CYCLES 1 730. 1570.
AT 2. 21A. 23 1. AT 2. 431. 1818.
MISS 3. 2125. 2348. mISS 3, 750. 2151.

N.C. N.O. N.C. N.O.
CYCLE.hO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2o59 2.47 INITIAL 2.59 2e92
1------. 248 ...2s-2. . 1 2o42 2o82
2 2.59 2.40 2 2o49 2.8t
3 2.59 2.47 3 2.43 2.83
4 .... 2.58 . . .2.47... 4 2o46 2.83
5 2958 2.46 5 2.5U 2.84
6 2.55 2.43 6 2.42 2.79

.. . 53. 2... 7 2.44 2.78
2.53 2.42 8 2.40 2.79

9 2.48 2.43 9 2.57 2.79

10 .... 2..48.. 2.48 10 2.57 2,80
11 2e45 11 2.53
12 2,59 12

-13 --. 0 . -.- . 13
14 14
15 15
16. 16
17 17

CYCLES 1. 8809. 1714. CYCLES 1. 3022. 1677.
-AT. 2_ o w e,- -.... - A .-2AT - .. .-.--2.. . -3023. 1678.
MISS 3. 96000 2108. MISS 3. 3024. 2108.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.61 2.69 INITIAL 2.70 2,75
1 2.59 2.60 1 2.55 2.72
2 2.59 2,59 2 254... .2.7 2
3 2.59 2.62 3 2.61 2.78
4 2.59 2.62 4 2.61 2.78
5 2.59 2.62 .5 2. 2,b1..... 271-.
6 2.39 2.61 6 2.50 2.72
7 2.47 2.55 7 2.42 2.71
8 2,44 2,61 .0 .. 2. 9
9 2.60 2.55 9 2.58 2.72
10 2.60 2.57 10 2.58 2.71
11 11 2.5l. 2.71.
12 12 2.40 2.79
13 13 2.87
14 14 2-90
15 15

17 17 ..
CYCLES 1. 2106. 2106. CYCLES 1. 2108. 27o10."
AT 2. 2107. 2107. AT 2e 6729. ZTo63.
mISS 3. 2108. 2108.. MISS 3. 6730A 27073

NaCN_ ,,., . ...6O. .

CYL.LE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2o67 3.29 INITIAL.. .. .29 281.
1 2.44 3.18 1 2.61 2.81
2 2o38 3,19. 2 2.62 2.81
.3 2o30 3.21 .3 ...... 258 .....
4 2.37 3.20 4 2.62 2.71
5 2.42 3.19 5 2.69 2.81
6 2.38 3.16 6 -. .. 2.81
7 2.40 7 2.81
8 2.41 8 2.819 Z, 48 9 _*. I,1.

10 2.43 10 2.81
11 11 2.81
12 12
13 '13
14 14

16 16
17 17

CYCLES 1. 2059. 719. CYCLES 1. 7T. .2528.
AT 2. 215. 72D. AT 2. 669. 2529.
mISS 3o 2076. 790. MiSS 30 718. 2539.
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N.Co N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.90 2.58 INITIAL 2.59 2.84
1 2.68 2.49 1 2.42 2.83
2 2.45 2.52 2 2.56 2.83
3 2.83 2.54 3 2.53 2.82
4 2.83 2.51 4 2.42 2.82
5 2.85 2.53 5 2.53 2.92
6 Z086 2.55 6 2.54 2.82
7 2.86 2.57 7 2.53 2.97
8 2.86 2o58 8 2.50 2.84
9 2.83 2.56 9 2.53 2.83

10 2.83 2.55 10 2.39 2.84
11 2.69 2.51 11 2.83

12 2.82. 2.61 12 2.85
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 3718. 3797. CYCLES 1. 15U. 3762.AT 2. 379. 3798. AT 2. 1631. 3763.
MISS 3. 3720. 3799. mISS 3. 1632. 3764.

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.78 2.60 INITIAL 2.57 2.48
1 2.80 .2.60 1 2.54 2.46
2 2.79 2.61 2 2.52 2.45
3 2.78 2.60 3 2.57 2.43
4 2.78 2.59 4 2.57 2.43
5 2.79 2.60 5 2.56 2.44
6 2.79 2.62 6 2.52 2.47
7 2.77 2.60 7 2.28 2.75
8 2.73 2.63 8 2.58 '2.68
9 2.80 2.63 9 2.63

10 2.80 2.64 10 2.69
11 2.80 2.64 11 2.60
12 2.82 2.64 12
13 2.84 2.69 13
14 2.90 2.75 14
15 2.86 15
16 16
17 17

CYCLES 1. 9558. 111714g. CYCLES 1. 10. 718.
AT 2. 49559. A268. AT z. .19_ 25w.
miss 3. 49560. 24269. Miss 3. 1199. 2529.
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N.C. N.O. NoC* N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.61 2.71 INITIAL 2.58 2.82
1 2.48 2.70 1 2.53 2.79
2 2.57 2.o9 2 2.54 2.81
3 2.51 2.65 3 2.50 2.79
4 2.54 2.69 4 2.48 2.81
5 2.58 2.69 5 2.59 2.82
6 2.63 6 2.59 2.82
7 2.65 7 2.54 2.76
8 8 2.54 2.73
9 9 2.49 2.82
10 10 2.53
11 11 2.49
12 12
13 13
14 14

15 , 15
16 1 t
1? 17

CYCLES 1. 490. 930. CYCLFS 1. 134.6.
AT 2. 716. 931. AT 2. 3W7

ISS 3. 1?. 990. MISS 3. 3589. 1493.

NC. N.Oo N.C. NoO.

CYCLE*NO. CONTACT CONTACT CYCLE NO. CONTACT CUNTACT

INITIAL. .2.31 2.52 INITIAL 2o52 2.63
1 2.26 2.48 1 2.4' 2.63
2 2.28 2.45 2 2.52 2.64

... _ 2..24 2.47 3 2.42 2.62
4 2.26 2.48 4 2.49 2.65
5 2.22 2.51 5 2.51 2.67

........ 2.22 .48 6 2.53 2.65
7 2.31 2.38 7 2.43 2.59

2.22 2.45 8 2.43 2.61
9--------. 2.23 2.48 9 2.40 2.62
10 2.28 2.49 10 2.48 2.65
11 2.23 11 2.43 2.63

. .. 12 2.48 2.62
13 13 2.50
14 14 2.51

15 2.49
16 16 2.53
17 17

Y(ILUS 1. 3371. 1676. CYCLES 1- 60649. 6683.
AT 2. 3372. 167. AT 2. 88025. 7976.
miSS 3. 3373. 1678. mISS 3. 88026. 8101.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL Z.18 2o64 INITIAL 2.44 2o69
1 2.78 2.62 1 2.28 2.64
2 2.80 2.62 2 2.43 2.63
3 .280 2.58 3 2o33 2".62
4 2e80 2.61 4 2.38 2.62
5 2.81 2.64 5 2.25 2.61
6. 2.75 2.64 6 2.36 2.61
7 2.68 2.62 7 2.38
8 Z.73 8 2.28
9- 268... 9 2.26
10 2-76 10 2.45
11 2.74 11 2o38
4.- .... 2*78 - 12 2.38
13 13
14 14
is5 - 15
16 16
17 17

CYCLES 1 - 34 it 961. CYCLES 1o 585. 938.
AT 2o 37TI. M1150. AT 20 5320. 960.
MISS 3o 4536o 1151. MiSS 3. 5321o 961.

NoCe N.O. NoCe NoO.
.YCL NO. CONTAT. CO3NTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.52 2.61 INITIAL 2.37 2.61
--1 -........- . 2..4 ...26& ..... 1. .-2.3D -2,

2 2.49 2.62 2 2.34
3 2.49 2.59 3 2o23

. . .....- ... 2-62.. .4. .. 2,19.-
5 2.50 2w63 5 2.12
6 2.49 2o63 6 2.23
7 29__ -2 .-..... 2,23.
8 2.40 2.63 8 2.19
9 2.33 2.66 9 2.22
1 0 2.o42 .. . .... 2 b ..... 63 ... -2,2Z. ...

i1 2.48 2.67 11 2.23
12 2.40 2.69 12 2.35
13 2 q34- - 2. .. ... 13 .

14 2.70 2.81 14
15 2*71 2.88 15
16.... -- . .. 16 .-...
17 17

CYCLES 1 503o 5538. CYCLES to 7091. 382.
AX 2 none h *, - --09 ..AT.. -- 383.
HISS 3. 57522o 4 W, I. Miss . 7110. 384*
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NC, NeO. N.C, N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.71 2.69 INITIAL 2.54 2.52
1 2.72 2.68 1 2.54 2*56
2 2.71 2.65 2 2.52 2.49
3 2.72 2.62 3 2.45 2.49
4 2.65 2.62 4 2.47 2.49
5 2.84 2.65 5 2,40 2.52
6 .2.85 2.6b 6 2.45 2.53
7 2.89 2.65 7 2.52 2.53
8 2.81 2.65 8 2.48
9 2.76 2.67 9 2.52

10 2.73 2.65 10 2.41
11 2-69 11 2.52
12 12 2.52
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 19830. 221. CYCLES 1. 7763. 770.
AT 20 2D02. 222. AT 2o 7852. 961.
mISS 3. 2018. 2203. mISS 3. 7993. 981.

N.C, N.,O, NA ¢-L N ,0

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.41 2.64 INITIAL 2081 2.47
1 2.38 2.58 1 2.79 2.45
2 2o42 2.55. 2 2.73 2.42
3 2.42 2.56 3 2.79 2.42
4 2.39 2.53 4 2.66 2.42
5 2e43 2.53 5 2.81 2.39
6 2.31 2.53 6 2.82 2.45
7 2.39 2.56 7 2.80 2.45
8 2.44 2.55 8 2.72 2.42
9 2.45 2,55 9 2.74 2.46

10 2.38 2.55 1 J 2.8U 2.43
11 2.:7 11 2.82 2.47
lz 12 2,81 2.47
13 13 2.88 2.56
14 14 2.54
15 15
16 16
17 17

CYCLES 1. 316. 1671. CYCLES 1. 2190. 28338.
AT 2. 688. 219. AT 2. 2191. 28352.
MISS 3. 1742. 2191k. MISS 3. 9744. 28353.
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N.C. NoO. N.C. N.O
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.62 2.60 INITIAL 2.84 2.77
1 ?.61 2.52 1 2.75 2.67
2 2.50 2.58 2 2.76 2.67
3 2.59 2.57 3 2.81 2.67

2.63 2.56 4 2.80 2.66
5 2.68 2.53 5 2.86 2.61
6 2.61 2.58 6 2.91 2.69
7 2.57 2.58 7 2.76 2.70
8 2.43 2,58 8 2.88 2.69
9 2o52 2.58 9 2.80 2.64
10 2.57 2.59 10 2.86 2.69
11 2.59 2.59 11 2.76 2.70
11 2.68 2.59 12
13 2.64 2.68 13
14 2.82 2.76 14
15 2.73 15
16 2.77 16
17 2.72 17

CYCLES 1. 107050. 17090. CYCLES 1. 3l10. 1572.
AT 2. 172891. 19028. AT 2. 388. 219D.
MISS 3, 1728980 22340. mISS 3. 3570. 2191.

N.C. N.09
CYCLE NO. CONTACT CONTACT

INITIAL 2.61 2.98
1 2.56 2.88
2 2.62 2.89
3 2.63 2.89
4 2.62 2090
5 2.70 2.88
6 2.65 2.89
7 2.65
8 2.58
9 2.55
10 2.60
11 2.55
12
13
14
15
16
17

CYLES 1* Lua. 887.
AT 2. z? 9. 8w.
MISS 3. 275(. 889.
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6.7.5 TM C AYS, ACCEUM D TEST CRDITION WITH C.R. MWsU MUW

The data fro. the 50 Type C relays tested at accelerated test conditions
with C.R. ueasurements is given in the next 13 pages. The codes 1-17 refer
to the sae number of cycles as in Subsection 6.7..
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N.C. m.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

I N I T I L 435 .7 INITIAL 38.8 41.7
1 31.5 34.9 1 24.7 43o4
2 3.9 35.2 2 . .. 21.5 42,1
3 21.8 36*1 3 16.1 28.8
4 "11.9 35.0 4 16.6 36.2
5 19.1 35.0 5 11.2 45.1
6 19.0 40.6 6 11.4 40.8
7 22.2 36.4 7 49.3

. 16.8 32.2 8 26.8
9 1-8 9 26*3

10 16.6 32.2 10 39v6
11 32.3 43.o 11
12 34.5 36.0 12
13 36.4 13
14 41.2 14
15 18.1 15
16 16
17 17

CYCLES . 919. 9.
AT 2 2:22 7850 ATLE 2e 92. .
MISS 3 4 4008. 84961. MISS 3. .9.21. 1766.

N.C, N.O. "q.C. NO,
CYCLE NO. CONTACT CONfTACT IiCCLE NO. CONTACT CONTACT

INITIAL 50.0 34.5 INITIAL 33.2 41.7
1 21.1 38.6 1 28.4 48.0
2 180a 32.8 2 13.5 45.9
3 17.9 3396 3 23.0 42e9
4 20.0 34.8 . 4 . 16.5' 35.6
5 17.0 35.0 5 25o9 49.7
6 11.4 37.0 6 15.8 33.2
7 11.7 20.0 7 171 . 31.0
8 38.6 8 11*7 11.8
9 45.8 9 11.8 24.7

10 T7. -0. 2.1 .... 38.6-
11 11 2.8
12 12
13 13

S14 14
15 1

16 16
17 17

CYCLES 1. 976. 1870. CYCLES 1. 2012. 1627.
AT 2. 97 tI. AT 2. . .9. 1891.
mISS 3. 978. 1872. MISS 3, 2150. 1892.
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NoC. NO, NoC. NoOo
CYCLE NO. CONTACT ... CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 33.2 41.7 INITIAL 17.8 35.2
1 28.4 48.0 1 15.8 26.8
2 13,5 45.9 2' 24.0
3 23.0 42,9 3 29.0
4 16. 5356 4 33_8.
5 25.9 -9.7 5 21.9
6 15.5 33.2 6 39.1
7 17.. 31.0 ........ 5.2
8 11, 11.8 8 29.8
9 11.8 24.7 9 36.0

10 21.1 38.6 10 36.0
11 2,-i 11 34.6
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 1676. 930. CYCLES 1. 13. 938.
AT 2. 167.,to AT 2 - U4
mISS 3. 1678o 1491. miSS 3. 360o 21820

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

IN ITIAL 12.2 22.0 IN IT IAL. I22.3 11.8
1 6.0 22.7 1 22.8 38.0
2 5.8 35.2 2 22.5 27.2
3 5.0 15.5 3 23.2 27.4
4 15.6 33.4 4 22.T 34*4
5 19.2 33.5 5 23.5 34.2
6 3.0 34.5 6 22.1 35.T
7 3.9 22.6 7 21.5 22.5
8 11.8 8 17.2 23.0
9 1891 9 8.6 21.5
10 8,5 10 11.9
11 I8.4 12.1
1.2 12 16.2
13 13

15 15
16 16?_ 1.7I

CYCLES 1. 2903, ...CCE 1 .. .. 939-
AT 2. 29a1. 111). AT 2o i9.1
MISS 3. 3030o 1115. 4ISS 3, 5092. 1580
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NC* NoOe NC. N.O,
CYCLE NO* CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 36.3 47.0 INITIAL 45.9 33.5
1 23.9 42.2 1 17.7 37.9
2 2.1.4 35.0 2 19.0 36.4
3 28.0 34.6 3 27.9 34.1
4 20.7 36.0 4 22.8 41.0
5 27.2 54.0 5 22.3 38.1
6 34.9 38.1 6 16.5 33e8
7 28,4 35e0 7 23.1 2102
8 - 29s7 447 6 .. 31.5 30.0
9 1 4.7 33.1 9 16.2 34.0

10 24..2 42.8 10 30,1 33,6
11 13. 42.5 11 12.0 43.5
12 18.8 37.0 12 17.0 34.0
13 11,7 15.5 13 2.9
14 14
15 15
16 16
17 17

CYCLES 1. 15792. 968. CYCLES 1. 9638. 3736.
AT 2. 15918. ckck AT 2. 9671 3737.
mIss 3. 18128. 9n6. .. mSS 3. 15253.. 3738.

NeC9 NeOe N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 40.l 49.0 INITIAL 23.1 36.0
1 22.3 5591 1 21.8 45.0
2 28.7 52.5 2 17.0 35.0
3 34.0 51.6 3 12.1 25.5
4 15.8 43.1 4 22.4 28.0
5 28.4 49.2 5 2109 35.1
6 1691 56.B 6 16.2 22.7
7 21.7 45.4 7 22.0 38.1
8 34.7 46.2 8 23.0
9 23.9 38.8 9 19.1
10 17.9 to 16.9
11 11.9 11 20.8
12 7.3 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 8258. 1220. CYCLES 1. 12.9. 1053.
AT 2. 259 -/22 "T 2. " * 2189. 105 
MISS 3. 8260. 2316. MISS 3. 2315. 1073.
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NoC. N.O. No.c, 0 1
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 24o3 5201 INITIAL 2709 298'
1 24*3 42.8 1 22.3 34.7

2 22. L 28.0 2 22.0
3 16.7 25.2 3 31.5
4 16.5 28.3 4 28.2
5 22.0 42.4 5 1900
6 17.1 41.0 6 1R08
7 22.2 7 16.0
8 21.) 8 22.8
9 22.1 9 28.0
10 19.3 10 22.0
U 16.3 II 21.0
12 11.3 12
13 13
14 14
15 15
16 16
1l 17

CYCLES 1. 53234. 809. CYCLES 1. 2568. 362.
AT 2. 8259. 824 AT 2 206,6 363
MiSS 3. 8260o 825. MISS 3o 2604. 376. 4

N.C. NU, NoC. N.O,
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 46.0 54.2 INITIAL 27.2 33.8
1 2809 tl.2 i 2109 27.5
2 23.)6 47.1 2 15s8
3 27.0 43.9 3 18.1
4 24.3 43.1 4 23.9
5 L6.1 49.8 5 21.8
6 23.2 51.9 6 18.6
7 19.4 7 19.5

8 20.2 8 22.5
9 27.1 9 15.9
10 27.7 10 13*2
11 27.4 11
12 12
13 13

14
15 15

16 16
.17.~ .. .... ..- - 17

CYCLES 1. 2188. 8. CYCLES , . 955.
AT 2. 2315. 824 AT 20 •370.
M.s - It . . 825. MISS 3. 20713
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NoC. N.. N.C* NO.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

.. . . . . . . . . . . .ff _.-_ __.---- -_ .-- .. .... . .. . ."..

INITIAL 31.0 44.5 INITIAL 2100 41.6
1 24.1 44.5 1 21.2 29.0
2 21.0 __46_ 35.0
3 28*,0 47,8 3 27*6 31,*8'

4 22.2 49o4 4 21.1 3598
-. 5 .5 _. .O ....... .29,.. 34,4
6 177 20.5 6 16.2 34.3
7 22.9 41.0 7 22.3 28.1
8 8.6 36.2 8 24.7 23.3
9 42.4 9 23.3

10 2900 10 2e.5._ 11 ... .. . . 1..A _ . .
12 12
13 13

.. 14 __ 14
15 15
16 16
17 17

CYCLES 1, -i ;.. 2069 CYCLES 1. 1998.
AT 2. • 621. 070. AT 2. 2015.
MIss 3. 1622. 2071 __MISS 3. 2027. 121.-:

N.C. N.O N*Co NO
CYCLE NO. CONTACT CONT4CT CYCLE NO. CONTACT CONTACT

INITAL _ _ 22.7 34.2 INITIAL_ 391 29.1
1 22.1 34.0 1 21.8 39.2
2 21.5 2 22.0 44.0
3 22.1 . 3 20,0 32,.4
4 24.7 4 22.8 351
5 22.1 5 20.8 36.0
6 16.0 6 21.6 26.3
7 22.8 7 23.4 3593
8 22*0 8 23.2 36.2
9 21.9 9 158 51*8

10 17.6 10 21.9 549
11 11
12 12
13 13
14 14

15 15
16 16
17 17

CYCLES 1 1670. CYCLES 1 2.0 _
AT 2 19. 7. AT 2. 2070. 1694
MISS 3. 1989. 378. MISS 3. 2071. 1695.
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N*Co NoOo NoC. NoOo

CYCLE NO. COITACT CONTACT .. CYCLE NQ. CONTACT CONTACT

INITIAL 40.9 33.1" INITIAL 43.1 43.1
1 15o7 33.4 1 15.7 32.9
2 2 .-0, 27.3 2 18.3 41.6
3 21.0 28.4 3 21.2 34.8
4 1 18.8 26.9 4 . 2.5 ...3.5
5 22.1 30.2 5 28.0 45.2
6 .23.2 33.1 6 45.0
7 16.0 16.0 7 22.0
8 16.2 8 30.7
9 23.2 9 27.1

.. .10 .. ... . . ... . .. . . 5.! . .... .. . . .. - 18.6
11 18.1 11

12 12
13 13
14 14

15 

15.. 16 ... ... ... . ... ... .16

17 17
CYCLES 1. 649. 2%89. CYCLES 1* 650. 1865.
AT 2. 7448 26D5. AT 2. 67. -191.

mISS 3. 978. 2624. ISS 3 695. 1938.

..C N.o. . C. No.O

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

IN'rtIAL 52.0 47.2 - INITIAL "36.9 35".0
1 32.0 35.1 1 22.0 37.9

.4.12 .... 0 46.0 . 226.4 36.8
3 3.0 42.0 3 21.8 37.1
4 37.2 45.0 4 27.1 41.0

5 35,0 50,9 5 22.0 18.7
6 36.2 44-1 6 23.0 372
7 40.3 47.6 7 15.9 41.2
8 42.5 8 15.7 29.9
9 43.1 9 6.7 284.

1o 38.9 10 15.2 48.0
11 4400 11 28.4
12 34.8 12 .. 51.2
13 51.7 13

15 15
16 16
17 17

CYCLES t. 926;. 436. C"Y(CES 1.1Jko8. 3859.
AT 2. 1085. 13855. AT 2. 166& 3860.
MISS ._ 1102,. _.14208a. MI.ss. . .. -1665. 3861.
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N.C* None NoCe N*O.
CYCLE NO. CCNTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 35.9 34.3 INITIAL 28.1 32.5
1 18.9 43.4 1 28.9 22.0
2 27.6 22.0 2 16.0 24.1
3 21.3 2142 3 17.1 26.0
4 25.9 22.0 4 12.1 24.1
5 21.') 2290 5 16.2 14.2
6 28.6 21.8 6 14.2 19.1
7 7.3 15.9 7 16.1
8 13.5 s.1,1 21.7
9 11.1 24.3 9 21.5
10 18.3 10 19.8
11 17.5 11
12 12
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 1o6. 3351. CYCLES 1. 590. 15&.
AT 2. 140T. 3616. AT 2. 873. 1771.
MISS 3. 1408. .3705, MISS 3. 963. 1915.

N.C. N*O. NC, NO.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 35.5 49.8 INITIAL 29.8 63.0
1 23e2 35.9 1 21.0 55.0
2 26.5 28:8 2 16.0 40.7
3 26,8 29.0 3 21.2 36.6
4 25.9 39.6 4 22.1 41.0
5 10.T 30.0 5 19,2 29.2
6 20.6 34.1 6 21.2 36.0
7 11.4 23.0 7• i7.3 34.3
8 16.8 11.8 8 1992 '29e5
9 11.1 6.7 9 15.3 28.3
10 16.4 26.0 10 20.6 36.7
11 18.0 11 15.7 32.4
12 12 22e7
13 13
14 14
15 15
16 16
17 17

CYCLES 1. 310. 2004. CYCLES 1. 2602. . )k.
AT 2. 3411. 2O5. AT .. 2. 3358. - io.
MISS 3. 34399 2006. MISS 3. 3359. 5553.
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fI
di

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 25.0 49.0 INITIAL 30.8 1.8
168 22.2 1 28.8 36.4
168 27.5 2 21.2 28.e

3 23.1 29.2 3 27.8 29.5
4------ .- 15.9-_ 25.3 4 27.,) 24.0
5 22.4 22.6 5 26.0 28.1
6 15.2 20.7 6 15.9 21.1
7 16:_8.. 18.1 7 23.2 34.8
8 19.4 8.3 8 18*.
9 15,1 8.2 9

10 10.91521
11 18.9 11
12 12
13 13
14 14
15 15
16 .. 16
17 17

CYCLES 1* 1914. 1582. CYCLES 1, 1.-15. 1006.
AT.2.. 9511 1842.. AT 2 * U]95 ,1007r.

ISS 3. 2006 2251o MISS 3. 1214. 1008.

N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT OTTACT

'6'.-6. 47.1- INITIAL 195.4 35.1

1 17.1 1 16.2
23.2. 2 17.0
3 43,7 3 28,6
4 35,6 4 16,0
5 219 7 5 14,0

6 348 6 12.*4
T 40.8 7 28.2
8 41.8 8 15.8
9 28.8 9 17.0

10 26.0 10 5.6
ii 11

12 12
13 13
14 1 4
15 15
16 *16

_ 17 _ .. . .. . .... .. 17
CYCLES 1. 2188 CYCLES 1. 1883. 3)e8.
AT 2. 263. 1 . AT 2 •W8. 349.
MISS _ 282. 1902. MISS 30 1903o 3"50.
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N.C. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO CONTACT CONTACT

INITIAL -i 2 ...- 35"3- - IN-IT IAL -42.2 46.4
1 22.9 34.3 1 17.3 40.9

S.. _. .28.9 ...... _. 27o8 35.7
3 27o 4 37.0 3 200 2"7.9
4 23.9 34.0 4 24ol 28.0
5 .. 21.7 31. 6 5----.......... .194..... 0..
6 24.6 6 15o6 27.7
7 113 7 16.6 27,0
8 ................... 0.5-Q_._ ..J14, 1 ...... 7
9 17.2 9 16.8 43.9

10 2896 10 21.811 .. .... ... .. . . .. 1.L
12 12

13 13
14 14
15 15
16 16
17. .. --m .

CYCLES ...... 6 . 38. CYCLES 1. 1500. 187.
AT 2 746. AT 2. 15891
MISS 3. 747 204 MISS 3. 1652. 1589.

N.. C. N.O. N.C. N.O.
CYCL'E NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 15,9 34.8 .NTIAL .. 0 32.32
1 29.7 30.0 1 21.2 39.7
2 21.7 28.1 2 15.7 38.9
3 .... 2.... . 26.9 . 3 . . . o.
4 23.3 280 4 11.6 45o5
5 23.6 45.5 5 21.6 38.5
__ .. ,9,3 _ 6 ... . _4.5.o4..-
7 11.8 22.1 7 46.8
8 25.0 8 38.0
9_ . .. . 25 .2 - ... .. ... 2. 4.-41

10 2197 10 l9.4
11 24.0 11 12.8
12 12

.......................

13 13
14 14
15 15
16 16
17 17

CYCLES 1. 11_ b CYCLES 10 298.
AT 20 1o. 2&. AT 2. ,. 2761.
mISS 3.o 1022. 2183. MISS 3. 583. 3069.
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N.C. NoO. N.C. N.O.
CYCLE NO. C.NTACT CONTACT CYCLE NO. CONTACT _._C.I AJCT.

INITIAL 2.2 4391 INITIAL 55.6 45.1
1 2.2 53.6 1 34.9 58.0
2 18.8 28.4 2 23.2 51.7
3 26.9 39.3 3 25.6 58.8

26.9 .___7 4. 24.9 55__
5 18.8 41.5 5 29.3 61.7
6 16*.1 27.3 6 15.6 51s8
7-._.. _ 4 . 7 . 61.3
8 17.0 28.8 8 31.8 68.7
9 26.6 16.5 9 24.2 56.5

10 27.0 10 29.0 57.9
11 3896 11 61.1
12 12 57.2
13 13 ..... _ 21v7
14 14 28,9q
15 15 18,7

16 - - ._ _ _ _

17 17
CYCLES 1. 1581. 3229. CYCLES 1. 1641. 71213.
AT58 3A AT _ --- 2. ,91.
MISS 3e 1583. 3231. mISS 39 1T4-. 79268.

NC. N.O. NC, N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 226 ... 271 INITIAL 27. 28o 1

f 1227 568 1 277 24962 35,0 _43.8._ . 2 16,2 19,9

3 2454 482 3 223. 19,24 22,5 48o2 4 21,8 29o2

.286 _ 535 5 2.2 27.1
6 220 6.. AT 156 19*37 21.,8 52,0 7 506 18,4

i' 18 ..... 2_00 ... 48*88°1 8 -"- 191 2

M11 3. 1... . S6o3 ...... 28
25 12

13 51*1 '13
.14 4,5o7 14
15 37,1 15
16 16
7..! _. . .... . .... . . . 17

CYCLES 1. 164 3. "91. -- CYCLES 1]. . 971z. 2612.
AT 2o 1082. 692. AT 2, 972. 2813.
mi(ss 3. 168 3. 64693e mi ss 3. .... 973, 2.. z8.32o
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N.C. NO, NC. NsOo
CYCLE sO. CONTACT CONtACT CYCLE NO. CONTACT CONTACT

INITIAL 28.1 46.1 INITIL 22,0 54.3
1 16.T 47.8 1 33.0 .55o3
l 14.' 34.7 2 20.2 54.0
3 20.2 33.3 3 35.1 52.4
4 18.4 34.9 4 31s9 46.8
5 20.5 20.3 5 22.3 56.1
6 19v6 35.0 6 2293 42.5
7 10.8 43.6 7 20.9 38.8
8 16.0 37.8 8 20.5 44.6
9 15,6 36.6 9 21.0 36,0

10 17.2 37.0 If) 16.8 37.1
11 17.0 25.9 11 18.5 33,1
.12 1.8 25.9 12 1.7 24,9
13 13 1.6 73.2
14 14 66.1
15 15 33.9
16 16
17 17

CYCLES 1* 630. 3762. CYCLES 1. 8619. 9753.
AT 2o 29W. 3782. AT 2o 9682. 3%3
MISS 3o 5103o 3783. MISS 3e 10020. 35458e

NoC. N.O. NC. N.Oo
CYCLE NO* 'CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 54.6 280 INITIAL 39. 1 41.1
1 36.0 46. 1 1 36.0
2 21.0 34.8 2 15.3
3 21.8 .2109 3 16.0
4 19.9 24.0 4 31,8
5 18.2 271 5 25.1
6 22.8 28.8 6 16.4

7 40.9 35.3 .7 28.2
8 23.L 21.5 8 22.0
9 220) 16.8 9 28.1

10 21,9 41.8 10 15.7
II 33.4 17.0 11 22.0
12 27.4 30.0 12 41o2
13 34.2 36.0 13
14 44.0 14
15 15
16 16
17 17

CYCLES I. ao55. . CYCLES I. 2500. .
AT 2. a~o7. 15809 AT 20 2621' 21.
miss 3. 28578. 15 810: Miss 3. 3763. 39.
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NoCe NOo NoCe N.Oo
CYCLE NO* CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 11.6 7,8 INITIAL 5.4 35.3
1 38.2 47.8 1 28.9 25.1Ii
2 16.0 42.9 2 13.1 33.9
3 27.6 39.3 3 23.7 45.2

16.0 35.5 4 19.2 27o2
5 26.? 27.0 5 1502 16.3
6 201 26.5 6 21.4 23.2
7 21.7 340 7 21.2 20.3
8 25,7 2693 3 17,1 28o6
9 21,3 309o 9 15,7 21,0

10 26oi 41,7 10 16,1 1209

11 25.31 28.5 11 15.6 17.6
12 24.2 29.5 12 16.1
13 22.6 34.0 13 22.3
14 79.3 29.7 14
15 16.8 35.0 1516 16
17 17

CYCLES 1. 39530. P47.1 CYCLES le 168. 3819.AT 2o ?9 o/ AT 1.38o0.. 38W.
miss 3a 41888* 50608. miss 3e 2215. 9718a,

Not* NIU. N.C, N.O.

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

IN'ITIAL 11".0 33.4 INITIAL 23.8 38.3
1 36.3 32.7 1 36o2 39o2
2 18.3 37.0 2 20.2 62.9
3 20.7 56.3 3 28.5 38.7
4 20.) 28.9 4 23.2 39.8
5 15.. 2.5 5 20.7 38.3
6 16.6 29.2 6 15.8 28.6
7 16.0 28.0 7 23.7 28.4
8 16.2 31.8 8 15.8 22.0
9 16. 14.0 9 21.8 41.3
10 22.5 16.2 10 11.7 14.7
11 11. 35.4 11 11.2 54.)
12 7.9 12
13 13

16 16
17 .... L7

CV'C- . (3 1. " ,2234., CYCLES 1. 37 ..8
miss ...... .......... .. miss 3. 33 9 140o



N.Co N.O. N.C. NoU.
CYCLE NO* CONTACT CONTACT CYCLE NO, CONTACT CONTACT

INITIAL 54.9 37.8 INITIAL 8.6 43.8
1 4491 45.2 1 38.1 52.3
2 32.0 40.2 2 .. ......... 2.. 61.5
3 30.9 39.9 3 25.0 42.5
4 29.9 28.9 4 20.1 27o3

- 5 . . 30.8 31.2 5 16.0 63.0
6 33.6 28.0 6 20.1 43.3
7 27.9 20.2 7 21.6
8 25.0 294 16.7..
9 19.0 29.0 9 20.8

10 35.1 12.9 10 1800
11___.2 .. _2.4 .... 11 2300
12 12.2 31.8 12 13.0
13 13 11.5
14 14
15 15

16 16
17 17

CYCLES e 1.850. 3798. CYCLES 1 9697. 768.
AT 2. W4811. 3799. AT 2. 9698. 769.
4ISS.. 3s . 4940o 3800. MISS .. 3o 9699. "  770,
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6.7.6 TPE B REAYS, NOAML TST C0NDITIONS WITH I.M. PROIUCTB MEASURE4NTS

The data for che 10 Type B relays that received I.M. products measure-
ments under normal test conditions is given on the following 3 pages. Nor-
mal conditions refer to a 3 amp. contact load, 250C. temperature and a 1 hz
actuation rate. I.M. product measurements (in av. units) are given for both
the normally closed (N.C.) contacts and normally open (N.O.) contacts on
each relay. The number of cycles at the first, second and third miss of
each contact is also given. The number of cycles at which readings were
taken are indexed as follows:

1. 18,000 cycles 10. 980,000 cycles
2. 4o,ooo cycles .l. 1,055,000 cycles
3. 650,000 cycles 12. 1,150,000 cycles
4. 725,000 cycles 13. 1,200,000 cycles
5. 750,000 cycles 14. 1,275,000 cycles
6. 795,000 cycles 15. lp4i60,000 cycles
7. 835,000 cycles 16. 1,780,000 cycles
8. 905,000 cycles 17. 1,885,000 cycles
9. 930,000 cycles
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NC. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.85 2.73 INITIAL 2.44 2.70
1 2.63 2.79 1 2.43 2.72
2 2.32 2.49 2 2.16 2.45
3 2.68 2.81 3 2.49 2.79
4 2.62 2.76 4 2.50 1.73
5 2.71 2.85 5 2.52 2.82
6 2.70 2.81 6 2.49 2.77
7 2.71 2.82 7 2.51 2.82
8 2.69 2.78 8 2.49 2.76
9 2.71 2.82 9 2.53 2.81
10 2.70 10 2.49 2.75
11 2.69 11 2.49 2.73
12 2.69 12 2.50 2.80
13 2.70 13 2.50 2.80
14 2.63 14 2.50 2.79
15 2.68 15 2.50 2.80
16 2.58 16 2.42
17 2.60 17 2.40

CYCLES 1. 238459. 854506. CYCLES 1. 16 688. 934459.
AT 2. 200000. 941527• AT 2. 1991570. 1618311.
miss 3. 2700000o. 955254. mISS 3. 1997577. 1618314.

N.C. N.De N*C. N.O.

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.43 2.45 INITIAL 2.72 2.70
1 2.48 2. 0 1 2.78 2.78
2 2 2.43 2.48
3 3 2.81 2.81
4 4 2.75 2.75
5 5 2.83 2.80
6 6 2.82 2.79
7 7 2.84 2.82
a8 2.78 2.77
9 9 2.84 2.83
U) 14 2.81 2.75
11 11 2.79 2.75
12 12 2.81 2.79
13 13 2.82 2.80
14 14 2.79 2.81
15 15 2.52 2.80
16 16 2.78 2.71
17 17 2.72 2.71

CYCLES 1. 31780. 3818148. CYCLES 1. 27G0000. 99965.
AT 2. 37903. 381849. AT 2. 2700000. a)614585.
mISS 3. 377904. 381850. MISS 3. 2700000. 2065524.
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NoC. NoO. N.C. N.O.
CYCLE NO. CONTACT LONTACT CYCLE NO. CLNTACT CONTACT

INITIAL 2.30 2.39 I1ITIAL 2.21 2.12
1 2.33 2.46 1 2.29 2.15
2 2.20 2 2.30 2.21
3 2.49 3 2.31 2.21
4 2.43 4 2.35 2.22
5 2.49 5 2,35 2.24
6 2.45 6 2.33 2.21
7 2.49 7 2.36 2.25
8 2.46 8 2.38 2.28
9 2o49 9 2.3b 2.27

10 2.44 10 2.36 2.25
11 2.43 11 2.37 2s27
12 2.48 12 2.33 2.23
13 2.51 13 2.35 2.26
14 2.50 14 2.34 2.22
15 2.50 15 2.3c 2.23
16 2.48 16 2.34 2.24
17 2.43 17 2.34 2.22

CYCLES 1o l2U08. 5082 7. CYCLES 1- 1818856. 21#8522
AT 2. 421180. 2226091. AT 2. 2700000. 2618823.
MISS 3. 421186. 2226101. MISS 3. 2700000. 2648872.

N.L. N.O. N.C. N.O.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2937 2.58 INITIAL 2.16 2.10
1 2.36 2.6l 1 2.19 2.08
2 2.41 2.61 2 2.14
3 2.39 2.2 3 2.16
.4 2.42 4 2.18
5 2.43 5 2 .1
6 2.42 6
7- 7
8 8
9 9

10 10
11 11

12 12
13. 13
14 14
15 15
16- 16
17 L

CYCLES 1. 807r661. 6o6768. CYCLES 1. 423085. 786631.
AT ..... 20 87686. 653D51. AT 2. '423114,. 786718.
miss 3. 807698. 694448. MISS 3. 423119. 786723.
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N.C. N.O. N.C. N.o0
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2oO8 1.99 INITIAL 2.81 2.19
1 2.12 2.02 1 2.81 2.23
2. 2.14 2.07 2 2.82 2.29
3 2.16 2.03 3 2.82 2.30
4 2.18 2.08 4 2.89 2.33
5 2.19 2.08 5 2.88 2.32
6 2.19 2.07 6 2o85 2.32
7 2.11 2.08 7 2.83 2.31
8 2.19 2.09 8 2.91 2.35
9 2.21 2.08 9 2.90 2-33

lu 2.19 2.o8 1iA 2.88 2.33
11 2.18 11 2.89 2.31
12 2.17 12 2.84 '2-33
13 2.19 13 2.88 2.33
14 2.16 14 2.84 2.31
15 2.19 15 2.87 2.29
16 2.15 16 2.85
17 . 2.14 17 2.86

CYCLES 1. 2700000. .027140. CYCLES 1. 2700000. 1487905
AT 20 2700000. 2031319. AT 2. 2700000. 1"48875.

3ISS . 2uOUUd. 101342. MISS 3. 27TDLWv. 1489021.
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6.7.7 TM B MlAYS, NO AL TET CONDITIONS WITH C.R. UFASMUM

The data from the 10 Type B relays whi'h were tested at normal
conditions with C.R. meesuremen s is presented ow t;he next 3 Ps.aes.
The C.R. measurements are given In amps. The codes 1-17 refer to
the same numbers of test cycles as those in Subsection 6.7.6.
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N.C. NoO. N.C. N.oO
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

-- ----- - -- -- - -- - -- -

INITIAL 330.0 175.0 INITIAL 330o0 106.0
1 120.0 45.0 1 90.0 140.0
2 330.0 2 170.0 1450
3 3 290.0 145.0
4 4 312.0 111.0
5 5 32A.0 144.0
6 6 33090 145.0
7 330a0 156.0
8 8 246.0 15290
9 9 330.0 140.0

10 1 3300 142.0
11 ii 330.0 142.0
12 12 330.0 135.0
13 13 328.0 140.0
14 14 330.0 135.0
15 15 332.0 142.0
16 16 250.0
17 17 335.0

CYCLES 1. 337998. 554.397 CYCLES 1, 2700000. 1559662.
AT 2, 338003. 554420. AT 2o 270000. 1564.102.
miss 3o 338076. 554445e miss 3o 270000, 1600644o

N.C. N.C. N.C. NoO.
CYCLE NO* CONTACT CONTACT CYCLE N09' CONTACT CONTACT

INITIAL 32:,0 L.050 INITIAL 32:: 168 0

1 15000 1.42o0 1 92,0 140*0

2 328*0 255*0 2 16090-
3 32890 230,o 3 18000

4328.0 28000 4
5 328,0 238*0 5

6328.0 310*0 6
7 328*0 320*0 7

S200.0 328.0 8
9 328,0 226*0 9
Lo 324*0 265*0 10
11 32890 18000 11
12 32800 130eO 12
13 323.0 29090 13
14 328.0 264-m0 14
15 15
16 16
17 17

CYCLES lo 14a6356. 14 66356. CYCLES le 253657. 4397i15-
A T 2. 1466357. 1466357. AT 2o 253703. 586424.
mIss 3 2466358. 1466358. miss 30 253709o 691.006

13 32.0 28.0 3 1



N.Ce N,.0 N.C. N*O,
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 330.0 . 172.0 INITIAL 278.0 320.0
1 90.0 140.0 1 50.0 50.0

.. 2 330o... 200.0 2 75.0 1180.
3 310,. 21u*0 3 200.0 1500
4 330,0 300.0 4 332,) 321.0
5 33.00 270.0 5 334.0 335.0
6 330.0 250.0 6 335.0
7 320.0 320.0 7 335.0

338 .0.. 315,0 . 8 280.0
9 330.0 2 490 9 33540
t0 330.0 255.0 10 335.0

-.1 . .. .330.0 315.0 11 160.0
12 330,0 270.0 12 335.0
13 310.0 300.0 13 270.0
J4 _ .o330.0 255,0. 14 305.0
15 330.0 252.0 15 25oo
16 330.0 325.0 16
t 330.0 330.0 17

CYCLES 1. 2700000. 10645o. CYCLES 1. 815791. 744&15•

AT 2. 2700000. 1%T85k3. AT 2. 815792. 74549._MLSS _ 3 __2.70000p 0. - 33.0110 ..... MISS. 3: p _16302.2.4s 7556,36.

NeC° N*O° N, N.o.
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT t;BNTACT

INITIAL 150.00 2 .... INITIAL 335.0 58.0
1 90.0 200.0o1 '32.0 84.0
2 328.0 330.0 2 1100.
3 285.0 3
4 256.0 4
5 328.0 5
6 300.0 6
7 326.0 7
8 8
9 9

10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17

C~YCL.ES . -7. .65A. CYCLES I. 30772. .497030.
AT 2. 565921. -465193. AT 2. 307731. 498561.
MISS 3. 861386. 465194. MISS 3. 307750. ,498572.
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N.Co NO, NoC. NO,
_CYCLE NO. CONTACT CONTACT_. CYCL.E NO.- CONTACT CONTACT

INITIAL 295.0 8900 INITIAL 187.0 225.0
1 59.0 289.0 .1 305.0 200.0
2 320.0 2 262.0 328.0
3 270.0 3 310.0 275.0
4 ___ 3150 325.0
5 5 315.0 241.0
6 6 242.0 240.0
7 ........... 7.. 260.0
8 8 31000
9 9 200.0
. .10 335.0
1 11 329.0
12 12 334.0
13 13 333.0
14 14 335.0
15 15 334.0

S.----16 . 330sO
17 17 330.0

CYCLES 1. 666158, 377326. CYCLES 1. 2I214 1. 720225.
AT....2a 6"6218. -377327. AT 2. WI42493., 7289 44J.
MISS 3. 666301. 377334. MISS 3. 2042499. 820919.
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6.7.8 TMPB C IRJ"YS, NOMAL TEST CONDITIONS WIT .M. PRODUCTS MASUMOT

The date for the 10 Type C relays which were tested at normal condi-
tions with 1.1. products measuremente is presented on the next 3 pages.The I.M. products measurements are given in r. units. The codes 1-17refer to the same numbers of test cycles as those in Subsection 6.7.6.
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N.C. N.O. N.C. N.O.
CYDLE NO. CONTACT CONTACT CYCLE NO. CONTACT- CONTACT

INITIAL 2.4b 2.82 INITIAL 2.65 2.70
1 2.43 2.87 1 2.59 2.52
2 2.62 2.93 2 2.88
3 2.80 3.02 3 3.03
4 2.70 4 3.00
5 5 2.99
6 6 2.94
7 . 2.99
8 8 2.91
9 9 2.98

10 10 2.88
11 11 2.89
12 12 2.82
13 13 2.93
14 14 2.89
15 15 2.81
16 16 2.86
17 17 2.96

CYCLES 1. 41415. .80735. CYCLES 1. 1762i2, 233669.
AT Z. 6D 284. 645905. AT 2. 1276243. 236D27.
MISS 3. 743248. 661524. MISS 3. 1885250. 320828.

N.C.o N.O. N.C. N.O.

CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.45 2.95 INITIAL 2.37 Z.91
1 2.41 2.93 1 2.30 2.90
2 2.63 2 2.54 3.02
3 . 2.69 3 2.67 3.13
4 2.61 4 2.58
5 2.62 5 2.61
6 2.63 b 2.59
7 2.68 7 2.64
a 2.60 8 2.b2
9 2*62 9 2961

10 2.5 "  1u 2.52
11 2'.6t 11 2.56
12 2.53 12 2o52
13 2 -5 13 .2o60
14 2050 14 2.51

15, 2.63 15 2.48
16 2.41 lb 2.61
11 2.62 17 2.31

CYCLES 1. 2700000- hMl98. CYCLES 1. 7 2683. 70 5
AT 2. 270000D. 449A. AT 2. M7Oo000. 7010 7-.
mISS 3. 2700000. 427925. mISS 3. 2700000. 701049.I
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N.C. N.O. N.Co N.O.
CY(,LE NO* CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL 2.42 2,67 INITIAL 2.89 2.88
1 2.33 2.68 1 2.82 Z.90
2 2.53 2.82 2 3.08
3 2.65 2.93 3 3.07
4 2.61 2.88 4 3.08
5 2.61 2.83 5 3.00
6 2.59 2.88 6 3.03
7 2.65 2.91 7 3.01
8 2.55 2e80 8 3.01
9 9 2.99

10 10
it 11
12 12
13 13
14 14
15 15
16 16

CYCLES 1. 552163. 908038. CYCLES 1. 30", 7 24o.

AT 2. 606763. 908011. AT 2. .94991. 230426.
mISS 3. 926650. 908044. miSS 3. 951605. 247327.

N.C. N.O. N.C. .N.O.
CYCLE NO* CONTACT CONTACT. CYCLE NO. CONTACT CONTACT

INITIAL 2.67 2.73 INITIAL 2.61 2.54
1 2.55 2.73 1 2.62 2.49
2 2 2.71 2.59
3 3 2.72 2.58
4 4 2.80 2.65
5 5 2.b5 2.55
6 6 2.80 2.59
7 7 2.82 2.55
8 8 2,3 2.60
9 9 2.83 2.6U

10 10 2.88 2.63
11 11 2.78 2.62
12 12 2.79 2962
13 13 2.68 2.61
14 14 2.69
15 15 2.72
16 16 2.78
17 17 2.77

CYCLES 1. 281859. 138969. CYCLES 1. 222651 . 1993.
AT 2. 309909. 138970. AT .2, 2700000.
MISS 3. 424230. 250593. MISS 39 2700000. 1215858.
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NoCe N.O. NoC. N.Oo
CYCLE NO. CONTACT CONTACT CYCLE NO. CONTACT CONTACT

INITIAL-. 2.o53 ........ .... 2.85 .2.58

1 2.28 2.51 1 2.78 2.61
2 2.41 2.55 2 2.96

-- ,3-- ...... . 1 o .. . . ... 3 ... .. 2o92

4 2.42 4 2.91
5 2.33 5 2.82
6 .2.46 .- 6 2.92
7 2.42 7 2.90
8 2.45 8 2o94

--......- 9.. ... .2.93.
10 2.34 10 2.98
11 2.42 11 2.91

.2.91
13 2.36" 13 2.86
14 2.38 14 2.89

J._5 .. 2.s,35___.. .... .15 . 2.89
16 2.32 16 2.89
17 2.41 17 2.91

*cy4LE.lo I. .~ . CYCLES I- 1967k7. 281,633.
AT - 2. 2T000 AT 20 196719. 365078.
miss 3. 2700000. 632994. miSS 3. 1916751. 365U8O.

/



T6.79 T YM C MAYS,, MvT CONDITIOw WIT C.R.

The daa from the 12 Type C relays which were tested at norml
condition with C.R. meaftuments is presented in the next 3 laes. The
C.R. measurements are given in a m. The codes 1-17 refer to the sae
mabers of test cycles as those in Bubsecton 6.7.6.
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NICe NOs NsCo N*O*
CYCLE NO* CON CnNTACT CYCLE NO* CONTACT CONTACT

INITIAL 52.0 12.0 INITIAL 36.0 21.0
1 34.0 29.0 1 11.0 17.0
2 38_0 2 .. . 110.0 36.0
3 3 37.0 60.0
4 4 23.0 43.0
5 5 34.0 47,0
6 6 50.0 57o0
7 7 28.0 45.0
8 8.... 26.0
9 9 31.0

10 10 35.0
S11 .- . 450

12 12 22.0
13 13 37.0
14 14 35.0
15 5 34.0
16 16 31.0
17 7 7.5.

CYCLES 1* 510234. 412.(. CYCLES 1* 11495268*145
AT 2o 589049, 431579. AT 20 W00000. 76076.
MI SS 3. _ 618979,. 432012o. miss 3. 2700000, 837284.

N*Co NO. N.Ce NoOo
CYCLE NO. CONTACi CCT CONTACT CYCLE NO . CONTCT

INITIAL . 35.0 .. 33.0 . INITIAL 46.0 34.0
1 11.0 28.0 1 12.0 21.0
2 2 4x*0 38.0
33 60.0 48o
4 43 o 48.0
5 5 53.0 53.0
6 6 . . 44.0 360_ _
7 7 27.0
8 8 47.09 9 35.0

10 10 12.0
11 11 45.0
12 ... 12 1.0
ij 13 20.0
14 14 44.0
15 15 34.0
16 16 - ,. "
17 17

CYCLES. I, 29x166. 324539. CYCLES 1 1927680. O 6382035.
AT 2. 294169, 3245110. AT 2. M M92768, 7-1818.
mISS 3o 294170. 324973o MISS 3. 1927682. 816069.
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N.C. N.O. NoC. N*O.
CYCLE NO. CONTACT .CONTACT. .... CYCLE NO. CONTACT CONTACT

INITIAL 44sO 57.0 INITIAL 12.0 59.0
1 28.0 22.0 1 20.0 11.0
2 34.0 43.0 2 12.0 26.0
3 25.0 42.0 3 34*.0
4 40.0 4 * 4.0 . 4 32.0
5 30.0 58.0 5 20.0
6 33'0 45.0 6 20.0
7 44.0 41s_0 .. 7 310
8 35.0 49.0 8 27.0
9 39.0 25.0 9 21.0

10 33.0 10 42,j
11 32.0 1I 34.0
12 20.0 12 12.0
L3 2190 13 27.0
14 21.0 14 43.0
15 8.5 15 28.0
16 3.4 16 36.0
17 - 4.5 17 1.o

CYCLES 1* 400000. 696198" CYCLES 1. 2700000. 483613.
AT 2 o - . AT. 2: 2700000. 483868.

3ISS 2700000o 959993o miss 3o 2700000o 4840(46.

N&Cs NeO, NoCe N0o,

CYCLE NO* CONTACT CONTACr CYCLE NO. CONTACT CONTACT

42.0 44.0 INITIAL "20.0 11.0
1 11.0 22.0 1 20.0 10.0
2 11o . 2_ 0 -. 22. 54.0
3 3 20.0
4 4 27.0
5 5 22.0
6 6 32.0
7 7 34.0
88 28.0
9 9 22.0

10 10 37.0
_ t.11 34.0

12 12 22.0
13 13 22.0
14_ __. 1 . O
155 330
16 16
17 . . ... .. . .. . 1 7

CYCLES ,. CYCLES 1. 11'158. 613119.
AT 2. 525573. 3T87. AT 2. 1491559. 613121.
MISs 3 55575. 368479_ S. iSs 3. 1497560. 613122.
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NoCo Nt3* N.Co NoO.
CYCLE NO. CONTACT C23NTACT CYCLE NO. CONTACT CONTACT

INITIAL 21.0 22.0 INITIAL 28.0 22.0
1 83.0 24.0 1 35.0 59.o

.. 26.0 36.0 2 54.0 .58.
3 21.0 50.0 3 34.0
4 29.0 34.0 4 50.0
5 33.t_ .37.0 .5 __5.- 0 .......
6 22.0 43.0 6 53.0
7 22.0 45.0 7 59.0

9 34.0 46.0 22.0
10 22.0 34.0 10 48.0

.0 20 50.0
12 29.0 12 53.0
13 53.0 13 11.0

21.0 15 11.0
16 16 80

__ 17 17 34.0
CYCLES 1a 1525383. 10(6z. CYCLES 1. 393511. 238910.

AT 2. 1651323. .006680. AT 2. 535279. 471302.
MISS 3. 1706172. 1006681. MISS 3, 2700000o 540555.:.

N.Co NO, N___ N.Co NoO.
CYCLE NO. CONTACT CONTACT CYCLE NO* CONTACT CONTACT

INITIAL 29.0 29.0 INITIAL 28.0 42.0
1 21.0 53.0 1 21.0 11.0
2 43.0 2 33.0
3 42.0 3 22.0
4 54.0 4 28.0

5. 37.0 5 32.0
6 45.0 6 23.0

44,0 7 2890
8 65o0 8 29.0
9 32.0 9 22.0
10 12.0 10 34.0
11 10.0 11 31.0
12 54.0 12 45.0
13 1200 13 36.0
14 11.0 14 35.0
15 54.0 15 lO
16 62.0 16 10.0
17 54.0 17 11,0

CYCLES 1. 1%636. 1.53o67. CYCLES 1. 2700000. k0593.
AT 2. 15636ao. 10U53#. AT 2. MDo000. 05932.
MiSS .3o 2700000. 168535. mISS 3. 2700000. 405934.


